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aa wep” AND ENGINEERS, fan Whee Beare MANCHESTER, Tube i} 
(Branch of Agricultura! & General Engineers, Lta.)| PADDLE OR Toa MLis As HOUR, CALORIFIERS, EVAPORATORS, > pioverg W — x oe 


STEAM ROLLERS. ROAD SCARIFIERS. 
CONVERTIBLE ee Oe ENGINES 


TRACTION mwas. TRACTORS. 
STHAM OULTIVATING MACHINERY. 


ne|2ePairs on Pacific Coast 


BxceprionaL Suattow Dravenr. 


by YARROWS, — Victoria, — as 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


CONDENSERS, AIR HRA 
Merrill's Patent TW N STRAINERS for Pump 


oa ctions. 
SYPHONIASTHAMTRAPS, oe eee VALVES 
High-class GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FILTERING: 5128 


YARROW & OO., 
PRESSING and MACHINING of th bs Tbe ver various pare 


of Yarrow Boilers, such ty 
“Bria and 


Pockets, and wen aby 
i, Baers, Sates 





A. G. Meer. [4 


CULVER STREET WORKS, COLCHESTER. 
Ow ADMIRALTY axpD Wark Orrice Lists. 
BNGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 
See Advertisement, pages 33 and 92, last week. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 
And Auxiliary a werey’ f as supplied to the 
lty. 


Join H., Witsont Oo.,14a 


Birkenhead. 


See Illustrated Advertisement 
Page 17, Dec. 12. 








LocomotivesShunting Cranes 


Steam and Eitectric 
ranes, 


BXCAVATORS, CRANE-NAVVIES, GRABS, 
CONCRETE-MIXERS, 
SHIPS WINDLASSES, WINCHHS, and 
DECK MACHINERY. 
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Lists oF STranpaRD Sises on APPLICATION. 





London Office 
15, VICTORIA STRERT, S:W. 1. 


(raig & Donald, Ltd., Machine 
T 


MAKERS, Jouianon's, near Glasgow. 





For clase of Machine Tools see our, Illustrated ) 


Advertisement every alternate week, 
CHANTIZRS & ATELIERS 
A te2stin - Niormand. 


67, rue de Perrey—LE HAVRE 
(France). 





_—— 3390 
Destroyers, ry Yachts and Fast Boats, 
and Submersible Boats. 
NORMAND'S Patent W; ey ly oe hang or Ol] 
Heating. ese) Oil Engin: 





etric 


le (WP TO & TONS.) Feces 


8. H. HEYWOOD | & CO., LTD., 
REDDISH 


‘team Hammers (with or 
TOOLS for SHEEBOLLDMMS & BOILERMAKERS. 


DAVIS& PRIMROSE, Locrxo,Larrm,oresveen, 

Brett's Patent Lifter (°- 

Hammers, Presse Presses, Furnaces, 

Bees Dorli & Co., Lid., 
a>: 


HiGH-CLass mnGiNis 
® Wii: re eee A s  plameae’ ~4 
C 


ranes.—Electric, Steam, 
sone Uses PTREY So. ueo 

















See Yachts, Launches or Barges 


(Campbells & Htc: Li 
SPECIALISTS IN 

Drillers & Boring Machinery 
for Bngine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 547 





Built complete with ee Ofl or eect 
Motors ; or Machinery supplied. Od 3561 


VOSPER & OO., Lrp., Broap Street, PortsmourTsz. 


MULTITUBULAR AND 
OROSS-TUBE TYPRBS. 


Bowers. 
See page 17, Feb. 18. 8205 


Kiectric ee: 
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8. H. HEYWOOD & 00., LTD., 
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rop orgings 


write 
GARTSHERRIE ENGIN BERING & FORGE ~ 
50, Wellington Street, Glasgow. 
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& Co., 


EK 
Tt 
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Prince FFIBLD. 


Tank SPEER TT 
Specification and Workmanship equal 
Sete thes Lomenatives ni 
R. & W. HAWTHORN, LESLIE & OO., Lrp., 
Byerrerrs, NEWCASTLE-ON-TYNE. 8203 








Hyzcavators. 


[tubes and Pitta 
“and T i q’ a 
tewarts an I oyd 8, I 5 
Ss pe. OSWALD ST., GLASGOW. 
BROAD STREET CHAMBERS, BIRMINGHAM ; 
and LONDON OFFIC 
WincuesTer H Oxtp Broap Street, B.C. 
LONDON WAREBHOUS. 


167,UpR. , Sr. 
PaRaDIsE- 


B.C. 
LIVERPOOL WAREHOUSE 63, ‘Br. 


—s WARBHOUSES—Nuz Srreer, 
Suerpscore STREET. 

See Advertisement page 28. 8187 

astings 


inished C 
and ‘reduce 


yey | machining operations. 
to PARKLESS Au GENERAL 
monton, London, N. 18. 


FLEXIBLE, NON- “RUSTING 


Metallic, H ose - Cmene 


tu for 
all teed care Assupplied for H.M vt. 
SPagkLeTs& Guwenan Mre.Co Co tA. . Edmonton,N.18 


Mictometers 
Stock. 





1e 

ensu: 
me cost 
rite for iaatrations 


Mre. Co., Ltd., Ba 








= ; 
Hypeineering 0. 
Peter Hooker, Lid.), 

. B. 17. 


ewall 
N ( 


ocomotive 
(BLECTRIC). 


8. H. HEYWOOD & CO., LTD., 
REDDISH. 


7824 
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GOLD MEDAL-Invenrions Exurerrion-Awanpep. 


Packham: 8 Patent Suspended 
WBIGHING MACHINES iT FERRY 
ROAD ENGINEERING WORKS OOMPANY, Lev. 
Lowpon, B.—Hydraulic Cranes, Grain Blevators, &c. 

See Illus, Advt. last week, page 15. 7977 











COMPANY, LIMITED. 


Worxs: Cambridge and 
New Southgate, London, N. 11. 


EK, 2. J. Davis, 255, Mech. E., 
| Sara Wires ye gels 


Stratferd, B. 15. 


Resileag, Wagon Coplings 


WELDLESS CHAINS, Lrp., Coatbridge. 











Rubber MANUFACTURERS 
FROM 80 TO 600 YARDS PER HOUR. R ce = 
D, Whitske: Packings "itt 
f 1, Ustow Srreer, GUTTA PERCHA & RUBBER, LIMITED, 
LEICESTER. ewe - - Oanada. 1535 
“ Qpencer-L{ opwood ' Patent See 8 HyaroPaetmatic ASH Kjector. 
taemaen Boilers, —_|fe. Simumnerrteae monet, meses 
. v 
W. H- SPENCER & OO., Hircourm, Herts. F. J. TREWENT uNT & PROCTOR Lep., Naval are 
See page 15, Feb. 13. 7454 | tecta and Surveyors, 43, Billiter Bldgs., Billiter 
: London, B.C. Od saat 
The (Cambridge and pa iesel Driven Generators, 
400-500 EKw., 3 Se te 350 
[astrument ay ety om! Soman could be ° be a By 
' g1%4 Two to he TURBINES, 





200 Volts, D. ta complete wis. bog Bh Armature 
and Conden 

Exhaust TURBINE SBT, Willans-3.0.0., 200 Kw., 

440/500 Volts. Complete with Oo Pumps, &c. 

West Walls, Newcastie-eon-Tyne. 7969 

zi Glasgow Railway 

Compan: E 

London Omeen 1k ¥ Victoria Street, 8.W. se 

RAILWAY CARRIAG 





ACTURERS OF 
WAGON & TRAMWAY 


w ° 
csnniees & WAGON Se ar 





eg a! 
John ellamy J] jmited, 
MILLWALL, LONDON, & 


Gewerat ConsTructionaL Bweuerns, 1216 


Boilers, Tanks & Mooring Buoys 

Srmis. Perro. T. Arm Reoxrvers, Steen 

CHIMNEY’, m and VEerrTiaTine 

Pires, Hoppers, Sprctst Work, Repains oF 
ALL KINDS. 


RAILWAY AND TRAMWAY ROLLING STOOK. 


urst, NJ elson & (\o., T td. 
sine a a Se 


H=4 WV tighteon & CO» 
LIMITED. 


See Advertisement page 44, Feb. 13, 2403 


Matthew peal & CO» f Lit 


Leverrorp W' 
See Full Page Aavt., page 74, bartin. 


_ Mlaylor & (jhallen 


Presses. 


TAYLOR& CHALLEN, Lp., Engineers, BraMinanam 
See Full Page Advertisement, Feb. 6. 


Gteel (i sstings. 


THOMAS SUMMERSON & SONS, Lep., 




















DARLINGTON. 7003 
Hilectric Y eer rene 
6143 


8. H, HEYWOOD # 00., LTD., 
REDDIS 





AERIAL ROPEWAYS, GARLEWATS, CRANRES, 
teel (\astings: 
Son, Sapiens’ advertisement alternate week. 
30 . HENDERSON & CO., ABERDEEN, 
ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


London Office; 101, Lzapewnaxt Sr,, B.C. 3, 
Works: Burwr Mr, near Hanvow, Mesux. 


iva) Jang and Distiiit 

Retvigerating and toe Making Machinery 
—_ ‘ater Heaters. 

Water Distiters. 

Main Feed 


Combined Cirouleting and Air Pumps, 
Auxiliary Sustage er 











A luminium 


8201 
‘ 
THE BRITISH ALUMINIUM Ley 
109, Queen Victoria St., London, i ’ 





Iron and Steel 


IT'ubes and stared 
The Scottish ‘Taube Co., 1ad., 


Heap OrFice: 34, Robertson Street, Glasgow. 


P.&. MacLellan, Limited, | ‘<* 


OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, - 
RAILWAY IRONWORK, BRIDGES,ROOFING,&c. 
Chief Offices: 129, QGiascow, Od 8547, 


team Hammers 
fe poo Hasmes, 
team 4 I riction 
rop tamp 














HYDRAULIC and HAND, 
| Weltless-si2c! Tubes 


Trongate, 
Registered Offices ; tata, Cnemen e.. Lagan, BC, 





B. & 






































































































































































ENGINEERING. 


[Fes. 20, 1920. 
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the National Foremen’s 
ASSOCIATION or Tux 
ENGINEERING AND ALLIED TRADES. 
(Registered under the Trede Union Act.) 


An Association vageeng: Soy enrde tear after the 
interests of Foremen on Supervisory bane ty 
All com munications to— Head Offices— 

H. W. REID 81, High Holborn 
General Secretary. London, W.C.1 
THE 


niversity of Liverpool. 
SESSION 1910-' 
LENT TERM BEGINS 8th TANUARY, 1920. 
venta eagt § OF BNGINEBRING 
Draw—Associate Professor J. WEMYSS ANDER. 
SON, » Hing. ,M, Inst O.8., M.1.Mech.B. 


ESSORS AND Leorurers, 
BNGINBERING, 
Har Protessor—W. H. Waseumee, 
M.Bug., M.Inst.0.B., M.1.Mech.E., M.L.B.B. 
Assistant Professor — Ww. Mason, D.8e., 
A.M.inet.0 8. 
Lecturer—G, B. Scuores, M.BE., M.Sc., 


A.M.1.B. 
BLECTRICAL ENGINEBRING. 
Dasté ——. graeme B. W. Marcwant, 
i» M. 
Lecturer—F. J. Teaao, B.Sc., A.M.I.B. 
Lecturer in Municipal Blectrical Engineering 
—A sectate Professor A. Bromury Ho_MEs, 
M.Bng., M.inst.c.B , M.1.8 B. 
OIVIL BNGIN BERING. 
Professor 8. W. Pereorr. M.A.1., M Inst.C.B. 
Leoturer in at ig, 4 Engineering—Associate 
Peofessor Bir J. ASPINALL, M.Bng., 
P.Inet.C.8., ML Mech. 8 
Lecturer in Municipal Gn 
Professor J * Bropie, 
M.1.Mech 
Lecturer in Dock and Harbour Engineering— 
Vacant. 
Lecturer in Dock and Harbour Construction— 
T. R, Wrutos, M.A., Assoc. M.Inst.C.B. 
NAVAL ARCHITBCTT RE, 
arte Hider Professor—T. B. Apri, 
R.O.N.C., Ret., M.tnst.N.A. 
MARINU I NGINEBRING, 
Professorsand Lecturers in Nav«l Architecture 
and Knugineering. 
DESIGN AND DRAWING REFRIGERATION. 
Asso-.te Professor J. Wemyss ANDERSON, 
M Rag... M.fnst.c.8., M.1.Mech.B, 
MATHEMATICS 
Profeasor—F. 8. Carey, M.A. 
PHYSICS. 
Lyon Jones Professor—L. R. WILBERFORCE, 








— Associate 
-Inst.C.E., 


neerin 
-Eng , 


Leeturer— J. Rice, M.A, 
CHEMISTRY. 
Grant een B.C.C. Bary, C.B.B., M.Sc., 
P.R.S., F.L.C 
GROLOGY, 
George Herdman Professor —P. H. G. Bos- 
WeLL, U.B.8., D.Se. 
The Prospectus of the Faculty may be obtained 
on application to the undersigned. 
BDWARD CARBY, nee 1° 
972 


Exams.—Over 300 


A Coaching. Severa! 
zen = Bee. bs A ‘new pared, (Designs, Speci- 

cations and Quantities). A-few vacancies open.— 
Address, 7434, \)fices of BNGINERRING 


orrespondence Courses for 

B Sc., Inet. O.B., I, Mech. B., all BNGI- 

hes oot gga ‘RXAMS. Spectal Courses and Single 
hjects. Personal tuition.—For full particulars 
ears ho Me. TREVOR W. PHILLIPS, B.Sc. (Hons ), 

M Inest.0.8.. M.R.SA.. etc., 810, Trafford 
Ohambers, 58, South John Street, Liverpool. 


[e. C. .E. 








8423 


nst. O.E., I. Mech. E., B.Sc., 
A. sndal) neering Bxaminations.—Mr. G. P. 
KNOWLSS, Assoc, M. Inst. O.8., F.8.I1., 
M.R.San.1,, PRBPANEe ale mr pe personally 
a ae correspondence, Hundreds successes. 

a hong td at any time, pa Lae] 
oc We Wes 


MLC. cE “and “AMOILE, 


A! Tuition. Alse Postal Courses in Mechanical 


pul raft Design and Mathematics.— 
Ps NINGRONS, a 254, Oxford Road, Manchester. 








TENDERS. 
OOUNTY BOROUGH OF SALFORD, 


[ihe Electricity Department 

have FOR SALE one 1000 kilowatt Direct 

tag TURBO-GENERATOR, Willans Parsons 

, coupled to Brown-Boveri Generator, voltage 

rated output 1000 kilowatts, with 160 Ibs. 

steam ‘pressure. The Set ie in regular commission 

and cen be seen in operation by a spestatatent. Full 

Rhestricus Ww from tee Borough B —_ Engineér, 

Works, Frederick Salford 

Tenders «a invited not iater thea Twelve oa 

Monday, March Ist, > He 
L. QO. EVANS, 
Town Olerk. 
INDIA OFFIOR, GB, WHITEBALL. 


THE bar at ar OF sf. STATE FOR INDIA IN 
L is prepared to receive 


x mT be willing to SUPPLY 
The 


~ RAILS, y STEEL, BI tba. per 


may 
to the DIRECTOR - GuNMRAL OF 
India Offi 5.W. 1, and 
Office b 


. on Tuesday, t afer | and 
ter 
‘no Tender will ve te ; 





D 757 








views bal Pros: such Per-| 





DUNEDIN CORPORATION, NEW ZBALAND. 


The Corporation invite 

ders for 150 Tons Tram- 
RAILS, British Standard Specification 
yard, 40 ft. , with fish plates 

y er 
Tenders to be sent to Messrs. PREBCE, CARDEW 
anp RIDER, 8, Queen Anne’s Gate, Westminster, 
8.W. 1, on or before Friday, February 27th. D7 


INDIA OFFICE, WHITEHALL. 
THE SECRETARY OF STATE FOR INDIA IN 
COUNCIL is prepared to receive 





enders from such 
as may be WILLING to 


SUPPLY 
STEEL SHEETS, mt bl annie 9 PLAIN. 
The Conditions of Contract be obtained on 
application to the DIRECTOR GHUNBRAL OF 
8 URES, India Office, Whitehall, 8.W. 1, and 


:| Tenders are to be delivered at that Office by Two 


o'clock p.m., on Friday, the z7ith February, 1920, 

after which time no Tender will be reeeived. 

J. STEEVENS, 

Director-General of easy" ; 
D 67 


_ lth February, 18 
THE ee phe a3 COUNOIL OF 
LMSFORD. 





The above-named med Couneil invite 


['endors for Making, 

delivering, fixing and setting to work :— 

One HORIZONTAL GAs = eyty a cee 
¥%5 B.HP, and One SUCTIO 

Copies of the Generat Conditions: “Bpecthcations 
and Form of Tender may be had on application to 

the undersigned. 

Tenders, sealed and endorsed, must reach the 
undersigned not later than 10a.m. on Friday, the 
Sth day of March. 1920. 

The Council do not bind themselves to accept 
the lowest or any Tender 

JAM#&S DEWHIRST, A.M.1I.Mechb.B., 

Waterloo a Engineer and Surveyor. 

Chelmsford, 


17th February, 1920. D 736 








APPOINTMENTS OPEN. 





Large Firm of Engineers 
nm the Midlands have an OPBNING for s 

education as premium pupil. the 
course te iuclude hoth works and drawing office.— 
Adstress, 4359, U of BY@UEFRING 


WORORSTBR BDUCATION COMMITTER. 
VICTORIA INSTITUTE SCIENCE and 


TECHNICA:. SCHOUL. 
Headmasier.—J. Newron FurENp, D.Sc. 


fours’ of 


pplications are Invited for 
the POST of ASSISTANT ENGINBERIN . 
INSTRUCTOR, Initial salary £280 per annum with 
prospects of increase. Further particulars may be 
obtained from the HEA. MASTER. — ous 

should me me not later than February 25th 

THOS. DUCK WwuRTH, 
Secretary fer Higher Education. 
Victoria Institute, 

_ Worcester D 572 


FARADAY “HOUSE BNGINRERING COLLEGE. 
AP pplications a1 are Invited for 
the POST of SENIOR LECTURER in 
Klectrical Kngineering tothis College. The succese- 
ful candidate will also be expected to assist in the 
Testing Department, The commencing salary is 
£100 per annum—Applications, stating particulars 
of training — = us om Segee should be sent 
addressed RUSSELL. Faraday House, 
senimmben Row, London, 
possible, 





TY OF LINCOLN 
MUNICIPAL TROHMICAL SCHOOL, 


A. B. Conus, M.1.M.E.—Principal. 


pplications are invited for 
the POST of ASSISTANT LECTURER in 
the Mechanical Engineering Departme: t. 
Candidates will be required to take day and 
evening classes. University degree or equivalent 
ualification, Works’ experience and Laboratory 
ractice essential. 
Commencing Salary £275-£325 according to ex- 
rience an page rising by annual 
neem of £12 10s. to 
Form of iy Lamas oa on S festber particulars may 
be obtained from the PRINCIPAL towhom applica- 
180. should be returned not later than March aes 
7 





MANCHESTER MUNICIPAL 
OOLLEGE OF TRCHNOLOGY. 


APPOINTMENT OF A DIRECTOR OF STUDIES. 


The Governing B Body invites 


pplications for A intment 

as DIRECTOR OF STUD in the College 

of pechacleny. at a salary of 2600 a year. 

The o fons of appointment an and forms of 

lication may be obtained from the Registrar, 

Co lege of tlm gery Manchester. The last day 

for the ications (which. should be 
pe Fy ony to trar) is Monday, ist March. 

Canvassi ton of the Governing Body, 

either directly or indirectly, will disqualify * 
candidate. DT 


“THE ‘PROBNICAL COLLEGE, 
LOUGHBOROUGH. 


H. conor MBE, B.Sc. , A 
‘LOR. B., Frinoipal 


Pp plications a1 are Invited for 
POS! < HBAD of 
DEPARTMRNT. It is regarded as eeentiat that 


candidates shal! ha’ me bet hime experience, an: 
have held Poatigns 0 in the Costing 
otrepute. Departments rm 


et eageteting Sem 


PHINCIvAL cee iol ane 








STAFFORDSHIRE BDUCATION COMMITTEE. 


pplications ai are Invited for|4ia 
POST of HEAD of the ENGINEERING 
DEPARTMENT, County Technical College, Wed- 
ence gs a of § : 

Fu: and ore MAOH Sup, may | to 
which must be returned before » may 
be obtained from the TEN ET 

GRAH. BALFOUR, 
Director of Education, 
County Educatien Offices, 
Stafford, 


February, 1920, D 385 


Assistant Accountant ~~ 

WANTED, for TAS RRR Rt90u ant <= 
experience in Ir sge 

36 to 90, ealas £400 rising to 2000 p per annum vith a 
— un —— Five ul “Pair ce lem ont, 
ith passage out and home.— t t 
es of two recent tentimeatalee 05 be addr ‘a 

— care of SrREETs, 30, Cornhill, = on, 

> 130 


pres Tool _Expert “Required 


mt ir sire 
a istrict. “Enowleage of | latest met: ds 











THE tooaueon COLLEGE, 
OUGHBOROUGH. 


M. Scxorisin, Rag B.Sc., cede nee e 


CH,, B Principal 
Applications at are Invited for 


the POST of 
HEAD OF THE HEAT TREATMENT 
LABORATORY. — 
In addition to theoretical qualifications it is 
as essential that Candidates shall have 


9 | had considerable practical experience in the Heat 


Tr of fee classes of iron and 
steel, also the manniacture o: iron. 

Forms of soe. may ee obtained from the 
PRINCIPAL of the Col and must be returned 
to him not later than the ist March, 1920. D 631 


ROYAL NAVY. 


a A Pplications are Invited | D 

APPOINTMENTS as IN- 

ss STRUCTOR-LIEUTENANTS in the 
avy 


Dndidstes must be under 30 to of age, have 
had a University Training and have taken an 
Honours Degree in Mathematics, Science or Bngi- 
neering ; they should also have had some teaching 
experience. 

he rates of pay are from £365 per annum on 
eutry to a maximum of £949 per annum as 
Instructor-Commanders Promotion by selection, 
6 Instructor-Captain is also open, with a maximum 
of £1 277 per annem. 

Retired pay, to Officers over 40 years of age, after 
12 years’ service, ranges from £300 per annum for 
an Instructor-Lieutenant to a maximum of £900 
for an Instructor-Captain, according to length of 
service. Service pension is also allowed to Officers 
if invalided before becoming eligible for retired 








P'Por further particulars apply in the first instance 


° THE SECRETARY OF THE  ecmumeas’ 
Whitehall, S.W. 


BOLTUN EDUCATION sawp 
MUNICIPAL TBCHNICAL SCHOOL. 


A pplications are Invited for 
the PUST of ASSISTANT LECTURER in 
the Engineering Department, 

Caudidaies will be required to fake day and 
evening classes in Mecha: ical Ragfuvering, in- 
cluding La*oratory Work. They should sess a 
university degree or its equivalent, aud have had 
worksbop experience. Previous teaching experience 
and laboratory practice essential. 

Commencing salary £250 to £350, according to 
experience and qualifications. A scale of salaries 
is at present under consideration. 

Further particulars and forms of application may 
be obdtainei from the undersigned, and must be 
returned not later than Lage 28th, 1920. 

F, WiLKINSO 


Director of Education. 





Education Offices, 
Nelson Square, 
Bolton. 


LONDON COUNTY COUNCIL. — 


D 544 





[there is a Vacancy for a Whole 
683 


TIME INSTRUCTOR IN ENGINBERING 
at the L.C.C. Hackuey Institute, Dalston Lane, 
K.8. Oandidates should possess a gvod honours 
University degree or ite equivalent, but the quali- 
fication will not be insisted on as regards candidates 
otherwise exceptionally qualified. The candidate 
appointed will be required to teach Applied 
Mechanics, —— eering, Drawing, and Technical 
Mathematies. orks’ experience is essential, and 
some experience in teaching desirable. 

Commencing inclusive = ary £225 to £315 a year, 

ti experience, rising to 
2330 by “yearly Seatement 4 or increments of £15, 
thence by £10 increments to £440. 

Preference will be given to candidates wo have 
served or attempted to serve with the forces of the 
Crown. Application forms may be obtal..ed from 
the Education Officer (T. 1), Education Offices, 
Victoria Embankment, W.C. 2 (stamped addressed 
foolscap envelope n Forms must be 





ecessary). 
4g | Peturaed by Eleven a.m. — the 28th February, 
1920, 


Canvassing disqualifi 
= J AMES BIRD, D726 
Clerk of the London County Council, 


Wanted, Thoroughly Quali- 


fled WHOLE-TIME wakee R of Metal- 

work, Mechanics and Machine Drawing. Com- 

meneing salary £200 per annum, plus allowance for 

previous experience, rising to per annum 
according to seale. 

.. tetion Forms may be obtained from J. 


ES, Principal, Technical College, Doncaster. 
Reguired for Important Iron 








D791 
and Steel Undertak 
COSTS CLERK as Assis! to 
ce Cernes See See ee — 


class men need apply. “Geely, eh: A giving Teli pes 
of ex terences, and salary requir 
Offices of Rwetarsatre. 


irst Class Pattern Maker, 
used to Motor work; also CHIEF 
INSPBCTOR for Motor .—BOX 2036, 
London, ines 


Dose, 





7a. 51, New Oxford Street, 





pe Wanted to Survey 
Soren oe eee, ge a ae 


459 well educated, possess technical 





ion essential. Reply, ~ ‘og 

ex ce, terms, ete., BOX 913, Porrer’s 

kee Agency, Temple Chambers, Temple ave: be 
681 


Highly - skilled Mechan ic iC, 


sing executive and organising pow>rs, 
is REQUIRED to demonstrate machines ana. pro. 
cesses in a large modern Engineering Works. [0 
man with necessary ability and education this oftcrs 
an advancing position. iy of Stating fu! uy 
AVI 





alifcations. e and eala: “aang to 
s, Lrp., Park 





achine Tools.—Firm with 

branches in land and Abroad have 

VACANOY for GENTLEMAN'S SON, preferably ~~ 
fresh from Public School or University, to train * 
under their London Manager in Peering : and 

Saeeees. Small salary paid while earning, 

ood prospects and permanent position.—Address, 

D =P , Offices of ENGINEERING 


Yaw Mill Manager Wanted for 
Ag Saw Mill and Wood Turnery in India, 
Practical knowledge of Wood Working Machiner and 
Timber Trade essential. Generous salary. rite, 
stating age and = mncotiens Seay 135, TLLINGS, 
128, Strand. W. D 680 


W aated, for a Marine Engine 


Works, a WORKS MANAGER. Applicants 
should have good, sound, technical edugation, have 
held a similar position, ‘and have good knowlrdge 
of interua!l combustion Engines.~—Address, givis. 
short statement of education and experience, w th 
——— occupation, and salary required, to D 656, 
Offices of ENGINEERING. 


W orks Management— 


Assistant REQUIRED by manufacturing 
concern, well versed in Steam Turbine practice. 
First-clars genera) bac ore agg of machine and 
erection shop work essential. Ps ee must be 

lity, and used to 
exercising control. Full Sa including age, 
qualitiestions, previous rience and salary 
required.— Address, D 464, Of ces of ENGINEERING. 


W anted, an Assistant Outside 


MANAGER, for a dry dock employing 
about 1000men. Applicants must bave had previous 
experience in arranging and carrying out large 
repairs. Experience in estimating considered an 
advantage, but not positive necessity. State experi- 
ence and salary required, also when at liberty to 
take up duties.—Aaddress, D 1734, Offices of 
ANGINKERING. 


eating Engineer.—-Assistant 
MANAGER WANTED for Heating and 
Ventillating Department ; only men having a First 
Class experience who bave oceupied a responsible 
position on similar work will be considered. 

Give full particulars of Technical and Commercial 
Training and state age and ealary required.—Apply 
to HENRY HOPE & SONS, Lrp., Smethwick, 
Birmingham. D 754 


anted to Manage Agricul- 
ral machinery department in India, 

CAPABLE" ENGINEER with commercial exper! 
ence. Single man preferred, age not exceeding 34. 
Previous experience in India desirable. First class 
position offered.— Fullest particulars to BOX No. 46, 
car- of Dawson’s, 121, Cannon Street, B.C.4. D758 


Wanted by Large Shipbuild- 


ING and Bagnoering firm on Upper 
Reaches, Capable MA with experience and 
originality to take charge of Marine Diesel Engine 
Department of Drawing Office. Apply givin ore 
Bins, of experience and training.—A 

= ~-= haba Portrovus & Co. Advertising agents 


orer Wanted for Deep Well 
boring by the American method. Must be 
thoroughly experienced and have full knowledge of 
American rigs, tools, etc. Apply stating experience, 
terms, etc., to D790, Offices o GINEERING. 


A wistant Engineer Re- 
uired by the GoLp an GovVERN- 


MENT Ranwar "ir two tours each of 12 
months’ service with -prospect of permanency. 
prema! fags annum, with a War Bouve of £170 

a year. The question of ng the salaries oi 
Gold Coast Gerernment officials on the withdrawal 
of the War Bonus is at present under we gs ee 
Free single quarters and first-class oo, 
leave in ey oe 2 full salary. 

25—35, wo § 


Engineers, with, Leset e of railway survey and 
ration of plane edge and experience in 
gy and main’ should 
Bape Base not later than a —— Pt the 
vertisement, Fd. on et S 

experience ay e, to THE CRO AGENTS 

B COLON 8S, 4, 4, ee London, 5.W 

quoting M/Gotd D i 


Four Assinar Engi- 
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THE THEORY OF THE MICHELL 
THRUST BEARING. 


Ix view of the fact that the Michell type of thrust 
block has been definitely adopted as the Navy 
standard and is becoming increasingly popular in the 
merchant service, a somewhat detailed discussion 
of the mathematical theory of the device may be of 
interest, the more so in that Mr. Anthony G. M. 
Michell in developing this theory made the only really 
important extension to Osborne Reynold’s theory of 
lubrication yet effected. His account of the theory 
appeared in the Zeitschrift fiir Mathematik wnd 
Physik in 1905, and thus, although written in 
English, is not readily accessible to British engineers. 

The “qualitative” theory of the block is now 
pretty well known, but as it will serve as a starting 
point for the “quantitative” discussion of the 
problem presented it may be worth while to recall 
it here, 

Suppose, for instance, that we have two parallel 
surfaces as represented in Fig. 1 by CD and AB, 
and that the latter is sliding under the former in 
the direction indicated by the arrow. If a film of 
lubricant be introduced between the two surfaces it 
will adhere to both and be subjected to a shearing 
action. The velocity of the fluid at any point will 
then be represented by the triangle r p q, being equal 
to rq at the surface A B and to zero at the upper 
surface C D. Ifa load be applied to the upper plate 
the lubricant will simply be squeezed out and the 
two solid surfaces will finally come into physical 
contact. 

If, however, the upper surface instead of being 
parallel to the lower is inclined to it, as indicated 
in Fig. 2, the film can sustain a pressure and the 
block carry a load. This follows because (assuming 
leakage to be prevented at the sides of the block) 
as much lubricant must enter across the line P,Q, 
as leaves across the line P,Q, Hence the mean 
velocity at the trailing edge of the block must be 
higher than the mean velocity at the leading edge, 
since P,Q, is greater than P,Q, The curve of 
velocities at these two sections can therefore no 
longer be represented as a straight line, but has 
forms somewhat of the character represented by the 
curves P,S,R, and P,S,R, respectively. This 
bulging of the velocity curves can only be produced 
by an hydraulic pressure within the film, and this 
pressure acting equally in all direction tends to 
force the two opposing surfaces apart and enables 
them to sustain a load without coming into physical 

contact. In short, the moving surface R, R, drags 
in oil and crowds it into a continuously narrowing 
space. As the oil ‘s almost incompressible, the 
surplus has to escape and must do so either at the 
sides or at the leading edge of the block as indicated 
by the negative loop of the velocity curve between 
P, and 8. For the case in which side leakage is 
prevented Osborne Reynolds worked out the 
relationship between the load sustained, the vis- 
cosity of the oil, the relative speed of the moving 
surfaces and the thickness of the oil film. A full 
and detailed discussion of the theory of lubrication 
so far as Osborne Reynolds carried it has already 
appeared in our columns* in the autumn of 1915. 
In all the cases digcussed by him, however, the 
fact that oil escapes at the sides of the brass was 
neglected, and the conclusions reached were perhaps 
& little liable to convey a false impression as to 
what occurred in bearings of finite dimensions. 

_ Taking the case of a block of length a measured 

in the direction of motion and of unlimited width 

transverse to this direction, he showed that the total 
load supported per cm. run (not per square cm.) 
was given by the relation 


> AUV.a2 

tW= ie - ()) 
where W denotes the load in dynes per centimetre 
run (measured transverse to the direction of motion) 
X is the viscosity of the oil in dynes per square 
centimetre. U is the relative velocity of the 
Opposing surfaces in centimetres per second, whilst a 








* See EnGineertna, vol. c (July to D 
Pagte 201, 154, 196 and 207. te agerigerrp aan: 

ere 18 @ misprint in Osborne Reynolds’ er, 
where a5 has been substituted for a2, Scientific Fosent: 
Vol. ii, page 265. 





as already stated, denotes the length of the block and 
hy is the thickness of the oil film at the trailing edge. 
¢ is a coefficient which depends upon the angle 
between the opposing surfaces of the bearing, and, 
when this is such, that the film thickness be 
leading e is twice A,, has the value 0-159 for the 
case Aer at by Ootomne Reynolds. Reynolds 
showed in fact, that when this was the case the load 
carried was very nearly the maximum possible for 
a given value of hy, and Mr. Michell in developing 
his extension of Reynolds’ theory has assumed that 
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this also holds true, when the width w of the 
block (taken transverse to the line of motion) is 
finite. 

In essentials, the problem which Mr. Michell set 
himself and succeeded in solving was to determine 
what the value of the coefficient @ was for finite 
values of w. The mathematical theory is much more 
complex than it was in the case discussed by 
Reynolds, but the principal results can be represented 
by a curve asin Fig. 3. This has been plotted from 


five points, of which the initial point for : = @ 
is given by Reynolds’ theory. Two points, for 
values of = =1 and ~ = 3, have been plotted 


from Mr. Michell’s calculations, whilst two other 
points represent the results of a calculation made 
by the present writer as it seemed desirable to 
deterthine the shape of the curve in the immediate 
neighbourhood of Reynolds: limiting case. 





It may be convenient to give some general 


discussion of formula (1) and the curve figure 3 
before entering into the somewhat compli 
mathematical processes by which the values of > 
used in plotting the curve were determined. 

From formula (1) it is evident that for geometri- 
cally similar conditions and for given values 
of A} and U, the load carried per centimetre 
of transverse length is constant. Thus, for 4 
block of given shape the load carried per unit of 
transverse | is the same whatever the dimen- 
sions of the block. If of two similar blocks the one 
measures 5 centimetres in transverse length and 
another 10, and the oil films are also geometrically 
similar, then for given values of \ and U each will 
carry the same load per centimetre run. Hence 
the total load carried by the smaller block will be 
one-half the total load carried by the other. At the 
same time its factor of safety will be less and for two 
reasons. In the first place, with similar geometrical 
conditions, the film thickness will be only half as 
great as with the larger block, and secondly the 
work expended in friction per centimetre of trans- 
verse length will be identically the same in the 
two cases, but with the smaller block the heat 
generated will be absorbed by one-half the amount 
of oil. Hence to preserve the same average tem- 
perature and viscosity in the film of oil this must be 
supplied to the smaller block at a lower initial 
temperature. Again, if the thickness of the film is 
the measure of safety, then for the same factor of 
safety the smaller block must only be loaded one- 
quarter as heavily per centimetre run as the larger 
block. It is doubtful, however, if the thickness of 
the film can be regarded as the sole criterion of 
the factor of safety. 

In general, the problem that may arise in practice 
is to find the best ratio of a (the length of the block 
in the direction of motion) to w the transverse width, 
which is commonly more or less fixed by practical 
considerations. This problem can be solved at 
least roughly by the aid of Fig. 3. 

__ Let us assume as a first approximation that two 


blocks of length > can be accommodated in the 


same space as one block of length a, the width w 
being the same for both cases. Consider the three 
cases of a = $w,a =wanda=2w. Then taking 
the corresponding values of @ from the curve, 
Fig. 3, and assuming that h, is to be same in all 
cases, we have :— 








w, = Um yg — >Use ro-ns 

4 the ‘t ho 4 
AU wt A Uwe 

Wi = ad ‘ 

1 a” a [0669] 
XU 4u2 AU w 

We f= = oe (40.080 

ia g2 a (4x ) 


On the assumption made we can get four blocks of 
width }w in the same space as one block of width 
2w, the relative loads carried with a constant 
value of h, will be in the ratios of the numbers 
116, 0-1338 and - 120. 

The narrow block is, therefore, the least econo- 
nical of the three. The advantage thus lies with 
the square block, though this will be reduced if, as 
there seems some reason for believing, a lesser value 
of h, is practicable with small than with large blocks. 
On the other hand, narrow blocks imply the use of 
a correspondingly greater number of parts, which is 
likely to increase manufacturing costs, It may be 
observed, however, that with these narrow blocks 
it is possible to approach more nearly to the condi- 
tions assumed in the mathematical theory than with 
broader blocks. The blocks have, in fact, to be 
sector-shaped, whereas in the calculation they are 
assumed to be rectangular, and the narrow block 
departs less from this form than does a broader 
one. 

On the assumptions made the heat generated 
would be the same in all three cases. In practice, 
however, it would probably prove rather less with 
the more numerous blocks, thus increasing the 
total load carried for a given value of 

From his calculations Mr. Michell has plotted the 
curves in Fig. 4, showing the distribution of pressure 
over a square block ; whilst a similar set of curves, 
also due to him and reproduced in Fig. 5, show the 
lines of equal pressure in a block with a = 3w. In 
the case of the square block, it appears, taking 





Mr. Michell’s figures as a basis for calculation, that 
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of the cil escapes at the sides of the block and 
j under the end, 

The curve for #, ig. 3, has been plotted from 
the values given in the table below. The last 
column of this table shows the distance of the centre 
of pressure from the trailing edge of the block 

as a fraction of the total length of the 
block measured in the direction of motion. These 
values have been obtained by approximate methods 
of integration, and different formulas have been 
employed in different cases, and there is thus 
a slight discrepancy. This, however, is not a 
matter of much importance, since, owing to the 
fact that the viscosity of the oil diminishes as it 
heats up during its passage under the block, the 
position of the centre of pressure tends to shift 
forward in advance of the position it would occupy 
did the viscosity remain unaltered. It is this fact 
that makes it possible to use centrally-pivotted 
blocks, as was first pointed out by Mr. H. T. 
Newbigin :— 








Length of Block _ a Se 
Width of Block ~ w. + Trailing End of 
Block. 

0 “159 +450 

6 “139 481 

vT 

‘ +127 +433 

us 

1 +0667 +420 

3 +0146 +390 











Following Osborne Reynolds, Mr. Michell, in 
developing his theory, starts with the four partial 
differential equations which represent the flow of an 
incompressible viscous fluid under pressure. A 
method of establishing these equations from first 
principles was set out in full detail in our issue of 
July 30, 1915, so that it will be unnecessary to do 
more than quote them here, viz. :— 

dP au @u dy 
a Meat ap * we) 
dP Ry @v , dy 
=—— @ Af —_ —— }. 
dy (Te + it 73) 
dP aw Rw , Rw 
as =O. 


dz 


In these equations P denotes the pressure (in 
dynes per square centimetre)* at any point of the 
liquid, A its viscosity in Cynes per square centi- 
metre, whilst u, v, and w are the components of the 


dv dw 
++ . (6) 


velocity of flow parallel to the axes of X, Y, and Z. | 


This velocity is measured in centimetres per second. 

To apply these equations to the problem of the 
Michell block, we shall refer the block to rectangular 
axes taken as in Fig.6. Here the lower face of 
the block is represented by A BGD, and makes 
an angle c with the plane Z O X, which is assumed 


to be continually moving under the block with a | 


velocity equal to U and in the direction indicated 


by the arrow. The side E B of the block is taken | 


to lie in the vertical plane Y O X, and the axis of 
Z is the line in which the plane A BG D produced 
cuts the horizontal plane X O Z. 

The film thickness being extremely small, the 
pressure in the fluid at any point of the underface of 
the block must be sensibly the same as the pressure 
at a point of the moving plane vertically below it. 
In other words, the pressure at any point in the 
film does not vary throughout the thickness of this 
film—that is to say, with the height y above the 
ng ZOX. Hence in equation (3) we can write 


a 0, so that P is not a function of y. 


Next consider the velocity of flow at any point of 
the flid film. When y = 0 this velocity is equal to 
U, whilst it is zero when y is equal to h, where h 
represents the height of any point of the underface 
of the block above the plane ZO X. As the film 
is very thin it will be secn that the velocity varies 
very rapidly with y, so that is very large com- 
du 


: . du 
pared with either qe as ; 





* A milicn dynes per square centimetre represents 
@ pressure of aL out cne atmosphere. 


Hence we shall make no serious error if we write 
equations (2) and (4), as— 


@P_ Bu ¢ . 6 
hae " 
dP =X aw ° (7) 
dz dy 


Now since P is not a function of y, both these 
equations can be integrated directly. 
From (6) we get— 
_y 
rs 


yY—hy_y 
dz 2 

Here the constants of integration have been 
chosen so that u =0 when y is equal to h, and 
u = —U when y=0. The minus sign is required 
because, as shown in Fig. 3, the direction of motion 
is in the negative direction of z. 

Similarly from (7) we get 


. (8) 








- (9) 


Here the constants of integration are chosen so that 
w is equal to 0 both when y = h and when y = 0, 
there being no transverse flow of the molecules of 
liquid in immediate contact with either of the two 
opposing solid surfaces. 
Take now equation (5). 
du ,dw_ _ dv 
dz dz dy 
Multiply both sides of this equation by dy and 
integrate between y = o and y = h and we get 


h ( a6 h 

o \d@ 7) 
But as the oil cannot pass through the solid surfaces 
Se. ig.6. 


From it we get 





} 











between which it is confined, both vg and vg must 
of necessity be zero, and hence we get the result 
| that 
j h 

du dw 
| \, (F + 


rs . (10) 


)dy=0 . 


Now from (8) we get 





du il d adP. yo—hy _ il 
| dei de i v(i- £) | 
}and from (9)— 
ie Bie dP tabs) 
és kk et ee 8 


Substituting in (10) we get 
| 4 Fee. 





. 1 


*y-hygyi ve Pay PL 
.. = -. ae 12 
and 
, i=’ 2 dy=y li = h 
ae) Al" 7 
Hence (11) reduces to 
d dP d dP adh 
: ° — + =e e =-—-6AU — 
dz z + dz dz » P = 


But from Fig. 6, h = cx (c being a very small 
angle), and substituting this, and neglecting (for 
convenience) the negative sign on the right, we get 





the partial differential equation wei 
S., OE'g be SF 8: 
z dz d 22 ro 





which may be written in the form 


@P ._3¢4P @P_6AU 


dA 2 da Gt” Oe 


To any such partial differential equation there 
are an infinite number of solutions, and the problem 
is to select from this infinite variety those which, 
either singly or added together, satisfy the special 
physical conditions of the particular problem in 
hand. In the present case we know that the pres- 
sure in the oil film is zero at each of the four edges 
of the block. 

There is only one solution of equation (12) or one 
set of solutions added together which will satisfy 
this physical condition. 

The general method of solving such an equation 
is to assume that P can be expressed in the form 
P = X,Z, + X,Z, + &c., where X denotes a 
function of x only and Z a function of z only. Both 
sides of the equation must be written in this form, 
and then the values of Xp», X,, X,, &c., are sepa- 
rately determined. 

Let us assume that the width of the block 
measured parallel to the Z axis is w, and that 

P = Xsinz + Xzsin3z + Xssin5z + &. 
Then when z = 0, P is equal to0, and whenz=¢f 
(which is the width of the block), P is again equal 
to 0, so that two of the physical conditions of the 
problem will be satisfied if the assumption made 
proves workable. 

Adopting it, the left-hand side of equation (12) 
becomes the sum of a number of terms such as 
& Xn + sinnz 3 | dXn 
d xt x dz 

It is next necessary to express the right-hand side 
of equation in a similar form. This can be done by 
making use of the well-known Fourier expansion. 
viz. :— 


(12) 


sin nz 


— sinnz n2Xn 





sin 3z 
3 

which is valid between the limits 0 and 7. 
Employing this proposition we find that 


aS = 6AU 4 ‘ (sins os one? + sin 2 on te.) 


sj = sine + + SROF + he. 


eat 


Hence equation (12) becomes the sum of the series 
of equations 














d2 X, 3dX%_y — 8rAU 4 aid 6 
ee laa eae (Cl ae 
} @X; 3 dX;_ 9 _ SAU 4 | sin3z 
sin 32 [ FS oe gee? el ee Ss 
: @X, , 3 dX; 6AU 4 sindz 
Be) <8 4 = ESS = os in Sm Sy eee 
compe thee - Xs | ada 5 
and so on. 
The general term is thus 
pron aX, 3 a@Xn _ ntX, | = 24rX0 _ Sinn 
d x2 a dz ce rx n 


where ” is an odd integer. 
Dividing both sides by sin nz, we get 
@X, 3 dXn sex, — 2AU 
dxt 2 de nb x x5 
If we change the variable from x to r where 
r = nz, the equation takes the form 


ax, 4 3" dX, 
dr y, df 





24n2XU 
aad 
All the equations in X thus become identical in 
form with 

ax, 3 


n? 


— WwX,= 








Be. Oe he em eee, «, OM 
dr2 r dr ears 
and the solution of this one equation will be 
(formally) the solution of all. 
If we write X = x, equation (18) is transformed 


to a form which has been very thoroughly studied. 
It becomes 


ay , ay 1 24U 
= t-—-- + —(1+—)V= —— 
iat r 4dr ( +5) er rt 

For shortness let us put 24XU _ &, and the 





Cr 
equation to be solved is then 


@v,1 av Bi 
QQ+35)¥ = 


(i gi tet Be 
From the theory of differential equations it is 
known that the complete solution of this consists 
of three , Viz., any one solution whatever of 
(14) plus any two independent solutions of the 


- (14) 
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equation Then the general solution of the equation The frictional resistance to the motion. exerted ; 
av av _ 1 w sax eu ‘we on any element dz dz of the moving plane is ' 
mts ws GQ+3)¥ 0 . (15) sins [SX + 24% - x |= 4. sins 


This latter is a Bessel equation, of which two 
independent solutions are known as A I, and B K,, 
where A and B are constant coefficients which may 
have any value whatever, and can thus be chosen to 
fit the special physical conditions of any particular 
problem in hand. 

I, can be expressed as the series 
+ a 


r rs 
2+ at 

which, if substituted for V ee Beit es b (15), will 
be found to satisfy it. No similar simple expres- 
sion can be found for K,, but if we assume that 
V =I, logx + Q, where Q is an unknown function, 
we can find a second independent solution. 

Thus on differentiating we get 


= 





= +a. 


dV _ ah igge i £9 
ee += + 
OV J Oks 4 2 ale ec 
dr2 dr2 r dr re dr2 
Substituting these values in equation (15) we get 
HL dn (141) yoge 42 2h 
gate Se BU Pare ts: a 
1 1dQ_ dQ 
= 1 _ i a 
Q ( +3) r dr dre 


But since I, is itself a solution of (15), the coefficient 
of log x is zero, and we have simply 


1\_1 dQ_@#Q_24dI 

Q(1 413)-> 3, Sa? s 
1 6r 10 r3 
aS ———— . 16 
> t+g34+ sat? O°) 


If we now assume that 
Qa A4Br4Cr84D95 + &e. 
r 


and substitute in (16), we find on comparing co- 
efficients of the powers of r that 


Awl, BmeOan — S . 
128 
Wide 28 -. 70 
9216 884,736 


and so on. 

Both this series and that already given for I, 
converge rapidly for small values of r. It is, how- 
ever, unnecessary to calculate I, for small values of 
r, as tables have been prepared by the British 
Association giving I, for values of r between the 
limits r = o and r = 6, 

For large values of r it has been proved that 
provided we stop at a term of small numerical 
value, 


er 3 3.5 1\? 3.5.21 1 \3 
1— ~ -——_.(—)- bf ae &e. 
SeaA 8r 2 (5;) 2.3 (5;) + «| 
and 


e-r 3 3.5 /1)\2,3.5.21 /1\3 
_— a “ss (5;) 33° (5) on 
A series of this type is known as an asymptotic 

series. As additional terms are taken into account, 

the value obtained at first approaches to the true 
value of the function, and t en as still more terms 
are taken, diverges again from it. 

We next require some “ particular” solution of 

(14), let us therefore assume that 

Veat+frr+yri + &. 

and substitute this in the equation. Then by com- 

paring the coefficients of the powers of r on the 

two sides of the a ote we find that 


8 
Vek.{l = 
(4 F455 te 
= L say 


Consider the case in which the block extends 
from x = -6 cm, to 1-2 cm., the transverse width w 
being « cm. Then from the series given we get 
the following as the numerical values of I, K, and 
L, for different values of z— 


, 


e-e)t &e. 

















x I, Ki L 

“6 31370 1-49606 1-12291 

“7 37186 1-27 85 1-16874 

“8 43286 1-12340 1-22260 

“9 49713 1-02273 1-2-492 
1-0 56516 *95002 1-35619 
1-1 63749 -90242 1-43701 
1-2 71468 -87429 1-52802 














is nee ganna" x ~ ‘ 
To satisfy the physical conditions of the problem it 
is necessary that A and B shall be chosen, so that 
X, = 0, both when z = 0.6 and when x = 12, 
that is to say, at the trailing and leading edges of 
the block. Hence 

A= — 1.6402 and B = — 0.40668. 


Substituting these values we get the following 
values of X, for different values of z : 


e2m0-6 0-7 O8 Of 1:0 1d 19 
2X1 9 -05513 -06719 -05962 -04281 -02296 0 
24AU 


Dealing in the same way with the equation 
sin 82[ 4 — ad — - 9X] = 6AU $ te 


cat 9 
we get the following oe for X;: 
cs =- 6 "1 8 9 10 #«2+91°1 1° 
oS = -0000 -01505 -01778 -01588 -01126 -00597 -0000 


The required solution for the equation 





sla 8 aot + Sh any _~25X —8AU 4 _ sin 5 
d x4 en gr 5 
is similarly found . be 
e=- 6 FF 8 @ 16:22 1° 
aa Xs = 0000 -00672 -00758 -00640 -00455 -00243 -0000 


The mean value of X, sin nz taken along a line 
parallel to the axis of z is = . Xn, so that on inte- 


grating P to get the total pressure on the block the 
contribution made by the higher terms in the 
expression for P becomes insignificant. Hence we 
may confine ourselves to the three terms 

P = X; sing + Xz sin3z + Xs sinbz 
Integrating this between o and z we get 


7 ie 2 
Pdz = 2%; + =-X%3;+-X;5 
4 3 5 


= M. say. 
To get the total load carried we must integrate 
M between 2 = +6 and « = 1+2, 


But 


1.2 r 
Mda = (1.2—0.6) M 
0.6 


where M denotes the mean value of M. To find 
this we have Weddle’s rule that if ¥, ¥, Ya, Ys» Yas 
y, and y, denote seven equidistant values of y, then 
the mean value of y is 


7 = 5 Wot Sndyr + Oys + vs + Oy + ¥0) 


Applying this rule we find in the present case that 
M = .00514 x 2440 
Cr 
Hence the total load carried is 
(1.2 — 0.6) x .00514 x 24AU » 
ar 
436) U 
a 
The length of the block is r centimetres, so that 
the load taken per lineal centimetre measured 
parallel to z is 0-1388 ae. In other words, the 


value of ¢ (equation 1, page 233 ante) for a rect- 
angular block is 0-1388 when the ratio p of the 


side a to the side w is =f. 


T 
To determine the centre of pressure we have to 
find the value of 


1.2 1.2 
| Mzdn= | Ndn 
0.6 0.6 
If 
Hence 
1.2 é 
| Madn = (1.2 —.6) x N 
0.6 
where N is the mean value of N. Determining this 


as before by Weddle’s rule, we find that the centre 


of pressure for p = <= a8 is situated at a distance 


0-431a from the trailing edge. 





qdadz= — n(F%), ded 


Hence from equation (8), page 234 ante, 
sdoden (AT — 35 3), dads . 
If we integrate this expression over the whole ares’ 
we get for F the total frictional resistance 
z AS y 0g, 2 + 3 x2 -%- 
so that the resistance per buiitdanstos run (measured 
transverse to the line of motion) is 


F = 








ja rUe iz (ioe? +5 #) 
which for the ea’ under discussion is: 
=o91 Us 


In the case of geometrically similar blocks the 
resistance per cm. run is independent of their 
absolute dimensions. 

The method above adopted for solving the 
differential equation is the orthodox one of the pure 
mathematician. It has the advantage from his 
point of view of being valid throughout infinite 
space; but suffers from the great practical draw- 
back of the final result being expressed as the 
difference of two nearly equal quantities, so that 
the expansions involved have to be evaluated ‘to 
miany decimal places. 

In practice the engineer is not concerned with the 
value of functions outside of certain narrow limite, 
nor does it matter in most cases should the caleu- 
lated results be even as much as 5 per cent. or 
10 per cent. inerror. It is thus permissible to adopt 
other and more diréct methods of solving such 
equations, particularly as they are generally 
applicable even where orthodox methods fail. 
With this premise we shall show how the differential 
equations relating to lubrication may be solved 
by direct numerical attack, ing the case of a 
Michell block, where a (Fig. 6 ante) has the value 1 
and b = 2, whilst the width is 7. 

From physical considerations we know that the 
general character of ‘the curve representing the 
pressure along the centre line of the block (taken 
in a fore-and-aft direction) must be the same as in 
the case of a block of which the width (taken 
transverse to the. direction of motion) is infinite. 
In this latter case Reynolds has shown that: the 
pressure curve is given by an expression of the form: 


p (2-4) (@— >) 
xe 


where B is a constant. We shall assume that 
between the limits x =a and z= b the pressure 
curve along the centre line of a Michell block can 
be expressed in the same form, but with B a function 
of z instead of a constant. If, for example, we take 
the equation for X,, supra, we may (neglecting 
for the moment the constants on the right-hand 
side) write it as : 

a2 X; + 3 d Xs 


drt r dr 

If we assume now that” 
X, = B{r— 5) (r— 10) 

pw 





— 
=>: + ay 


where B is a function of r, the boundary conditions 
are satisfied, since X, is equal to zero, both when 
r = 5 and where r = “10. Substituting this value 
for Xs in equation (17) the equation becomes : 
15 B — (r3 — 15 r2 + 50r) B + (3 r2—15 r — 50) BY + 
(r3 — 1692 + 607) BY = 1. 

Let us assume that between the limits r = 5 

andr = 10: 


B= By + F By + + nde 


We have then to determine B,; B,; B’,; B”,; 
so as to satisfy approximately the differential 
equation between the limits with which we are 
concerned. The most logical method of doing this 
is to determine these values so that the square of 
the error integrated between the limits in question 
is a minimum. 

The arithmetic then involved is, however, tedious 
and tiresome, and considerable care is necessary 
to avoid numerical errors. In practice it is better to 
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Re en eed vee to aaa, 
ight parts and to determine B,, B’,, BR’, of 
pete equation (17) is satisfied for each of the odd 
divisions, that is to say, when r= 5}, 6], 84 and 
93. 
to do this we have to solve four simultaneous 
equations found by putting r equal to the above 
values in equation (17) and replacing B, B’ and B” 
by their values in terms of B,, B’y, B’) and B’”y. 
Before making this final substitution it is, however, 
convenient to change the variable from r to m = 
+ qr, the value of a and q being such that m = 0 
when r = 5§ and m=3 when r= 93. We thus 
get the following four equations, viz. : 
15555 Bo — 161€0 B’o— 5040 BY) = 512 
28305 B; — 4640 B’,; — 13200 B”’; = 512 
32055 By + 10720 B’z — 15600 B”2 = 512 
20805 Bz; + 29920 B’; — 8400 B’’; = 512 


Now the variable having been changed from 
r to m, we have: 


0 


B” B”, 
Bm = Bo + mB'o + me = + m3 . 


m? Bg 


Bim = Blo + m Bo + 
and 
B’m = BY + m By 
Hence, putting m successively equal to 0, 1, 2 and 
3, the four equations reduce to : 
6222 By— 6464 B’s— 2016 B”p = 204°8 
11322 Bo + 9466 Bo — 1475 B’y— 4321 B’’o = 204°8 
12822 Bo + 29932 B’o + 27980 By + 13192 B’’g = 204°8 
8322 Bo -+ 36034 B’y + 69993 By + 81225 By = '204°8 
From these we find that : 


Bo = °025€63 B’o'= — -0(8500 B’y>= + *004848 
ani B’’9 = — *00)420 
Hence : 
B,; = *019517 Bo = +017798 and Bs = *020(85 


Other values can be found if required by inter- 
polation by the usual finite difference formula. 
Since : 


 6AU 4 (z — 5) (x — 10) 
X5 = eer th B —+— 
we then get the following values : 
m = O 1 2 3 
s = & 6] 8h 93 
aa Xs = 0002218 0002419 0-001580 0-000625 | 


In a similar way we get as the solution of the 
equation : 








@X,, 3 dX _y _ 6AU 4 

Za * sds a ee 
the following values : 

m = 0 1 2 3 

oe a i FY if Wj 
_*@ x, = 008133 0.04572 0-03298 0.01149 
TaArU 


Similarly, for the solution of the equation 





@Xs 3 dXs_ x, GU 4 
“da x dz ot x5 T 
— 0 1 2 3 
m = 
r = 3% 44 4] 58 


sy = = 0-005828 0007374 0-005046 0-001852 


As before, the total load on the block is equal to 
b 

| (x: + Aa 4 Xs 
a 


: ete 





toto. de 


X; , Xs 
pi tyte } 
where the — over the X denotes the mean value of 
that function taken over the interval from z = a 
to xz = b. 

The appropriate formula of integration to use 
in this case is : 


103 22 58 
(Wo + we) + TEE mi + on) + 5 (ys + ys) 


¥™ 5160 
This formula assumes that the base of the curve to 
be integrated is divided into eight parts and that 
ordinates to the curve are raised at the odd points 
of division. It is valid in the same conditions 
as Weddle’s formula ; that is to say, when differences 
of the sixth and higher orders can be neglected. 

The value thus obtained for ¢ is in this case 
0-127. 


RECENT MACHINE TOOL DEVELOP- 
MENTS.—No. XI. 
By JoszpH Horner. 
Bracings.—With the increasing stresses imposed 
on cutting tools, greater attention has been given to 
the matter of affording adequate support to them. 
This has been noted in connection with the support 
provided for lathe tools by the forms of many beds, 
and double-tier designs. It is observable in the 
tool details of most turret lathes, and is seen in some 
gear cutters, in the forms of work-rests in direct 
opposition to the tools. Its greatest applications and 
diversities of form occur in the milling machines, | 
and chiefly in those of horizontal-spindle designs. 
None of the early milling machines were provided 
with any support to the outer end of the cutter 
arbor, which was a cantilever only, carrying the | 
cutter on its extreme end. But the. early milling | 





Fig.187. 9 


| in a split lug, the second has a flat face and vee’d 
| edges, along which the tail support is slid. 
| @ modified form the cylindrical arm with the tail- 


In 


piece is slid bodily along split bosses in the headstock 
framing. Usually the upright members of the head- 
stock are tied rigidly, either by casting them with an 
arch-piece, or by casting the overhanging arm in 
one with the arch-piece bolted on the uprights, 
or by the tightening of the cylindrical arm in 
split bosses. For a large volume of moderately- 
light duties these provisions are sufficient. The 
bracing together of the knee and over ing arm 


| was adopted in the first place in order to stiffen the 


milling machine for the work of gear-cutting. It is 
now included in all manufacturing machines, and 
others where moderately heavy duties are required. 

Bracings must be readily removable if they are 
not to interfere with the rapid substitution of 
different classes of work on a table. The earlier 


a 


Fig. 191. 







































































was always of a very light character. 


Not until 
heavy cuts were attempted was the need for an outer 
support felt. 

The earliest design, that now known as the 


Lincoln miller, is a relatively simple one. The 
outer support is a plain upright—-a housing which 
sustains the arbors at various heights, and in 
different longitudinal positions. The pillar and knee 
machines occur in a much greater variety. In these, 
the problem of bracing is complicated by the fact 
that the knee is adjustable for varying heights, 
which entails making provision for adjustments in 
the bracings. And these bracings, unlike those of 
the Lincoln machine, may interfere with the freedom 
of manipulation of the work, and its examination, 
since the workman stands in front of the knee. 
But some forms are less objectionable than others. 

A good many of the lighter pillar and knee 
machines are made without bracings to the knees. 
Reliance is placed on the fitting of the deep vertical 
face of the knee to the pillar, and the support 
afforded by the elevating screw. The cutter arbor 
is sustained on its outer end in a bracket that is 
adjustable along a rigid arm, extending from the 
headstock, to. accommodate cutters and their 
arbors of different lengths. These fall under one 
of two heads—the cylindrical, and the rectangular 
or prismatic section. The first is embraced by the 





tail support, to be tightened on it with a bolt 














braces were slotted bars, pivoted on the extreme 
corners of the knee, and crossing each other at the 
supporting arm in which the cutter arbor is pivoted 
orcarried. A single tightening bolt, or two separate 
bolts are used. Many are made thus. The pivoted 
rods, crossing, accommodate themselves to variations 
in the height of the knge. Another design not very 
dissimilar is that of round rods going through split 
bosses on the corners of the knee, to permit of height 
adjustments, and fitting with eyes over the 
cylindrical overhanging arm that carries the centre 
for the cutter arbor. The adjustments in this 
case are the reverse of the first-named, being effected 
by the sliding of the rods through the bosses on the 
knee. Neither of these is regarded with much 
favour in view of the increased mass now put into 
manufacturing machines, and the general stiffening 
up that is required for high-speed work. Something 
more rigid is required. 

Bracings for Pillar and Knee Machines.—These, 
as generally fitted, may be broadly grouped as single, 
and double slot designs. The objection te the 
first-named is that the brace comes in the way of the 
arbor support, and that it is less rigid than the 
second. 

In Fig. 187 and 188 the brace fits over the knee 
with vee’d edges, and a take-up strip. Its single 
slot covers the vertical range of movement of the 
knee, and a single bolt secures it at any height. 
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In Fig. 189 the brace fits directly upon the knee, 
and differs from Fig. 188 in its outlines, the open 
space below the bolt giving free access to the arbor 
bolt. In Fig. 188 the slot comes in the way of the 
arbor support, and the brace must be removed for 
its adjustment. This fault is avoided in the 


| Fig. 195. A 
= ' a | 
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Fig. 192 shows two independent. braces, each | 


pivoted to a saddle-piece bridging the knee. A 
cross-piece embraces the cylindrical overhanging 
arm, and it is clamped with two bolts in the slots. 
Its lower boss receives the bush that supports the 
outer end of the cutter arbor. Another variation 


































































































Parkinson brace, Figs. 190 and 191, where the slot 
is set to one side of the centre. The two clamping 
screws used enter lugs cast with the arm or head 
bracket. The central clearance slot is made of 
sufficient width to permit of adjusting and tightening 
the bolt for the arbor centre. The brace fits to a 
ams saddle that embraces the knee with vee’d 
ges. 





is shown by Figs. 193 and 194. Two cast-iron 
slotted brackets are pivoted on bolts in a piece 
that grips the knee, and bolts in the slot holes enter 
lugs, Fig. 193, on the outer arbor support. The 
intermediate steady bracket supports arbors and 
cutters for gang work. Fig. 195 is a brace used on 
the heavy Hendey millers, both plain and universal, 
with two slots, and a clear space between. Two 


bolts go in each slot, to receive which, four lugs are 
provided on the arbor-supporting head. The 
slots measure 20 in. long, the base is 17} in. wide. 
The base fits either directly to the knee as shown, 
or it is attached by two bolts to a bridge-piece. 
The Cincinnati brace in Fig. 196 is fitted over the 
horizontal arm. Two bolts secure it to the arbor 
bracket. The long slots go over the bolts that are 
fitted to the saddle of the knee. In addition, a 
diagonal brace bar is fitted across from slot to slot 





when the*knee occupies its lower positions, in order 


| to further reduce risks of vibration. The horizontal 
| bar seen dotted, is cast with the brace to prevent the 


slotted arms from shrinking out of parallel. It is 


' cut out afterwards. 


The example, Figs. 197 and 198, is that of a 
double brace which, with slight variations is used 
on a good many machines. The lower portion is 
fitted to the knee, the upper goes over the horizontal 
arm. Four bolts secure the two elements after the 
vertical adjustments have been made. The head 
portion carries the bearing for the cutter arbor. 
An intermediate support is provided for use when 
required for gang-milling. 

Vertical slots are duplicated in various ways. 
Figs. 199 and 200 illustrate a brace fitting to the 
knee with vee’d edges, having slots widely separated, 
and, in addition, the web is cambered, Fig. 199, in 
order to afford some clearance for the head of the 
arbor-supporting arm. Fig. 20] is a design in which 
the brace fits over the end of the overhanging arm 
with a split boss. The lower end of the brace is 
prolonged into slotted horns, through which bolts 
pass into the saddle on the knee. A clear opening 
is left below the tightening bolt for the manipulation 
of the arbor centre. An important advance is made 
in the design in Fig. 202, since the knee is braced 
both to the overhanging arm above, and to the 
base of the machine framing below. The previous 
designs have left the knee unsupported save for its 
elevating screw, but this binds the knee, the arm, 
and the base into one stable structure. The vertical 
movements of the knee take place through the range 
of the slots, and the tightening bolts go into the 
knee. Increasing numbers of machines are fitted 
thus, or similarly. 

The form of bracing, of which Fig. 203 is typical 
is derived from some of the Lincoln designs. The 
end of the arbor is supported in the lower bearing 
which slides on, and is bolted to the face of the 
brace. This does not interfere with the movements 
of the workmar in the same degree as one of the 





central designs does. A se te knee support 
| may be included. In a modification of the form 





























shown this is avoided. The brace is extended to, 
and bolted on the foot of the machine framing. 
The knee is adjustable on its vertical face, which is 
tee-grooved for the clamping bolt. A horizontal 
arm extends from the front of the headstock to the 
face of the brace. The outer arbor support is 
adjusted along this horizontal member, on which 
it is guided with vee’d edges. 

Lincoln Machine Braces,—An essential difference 
between the pillar and knee design and the Lincoln 
machine is that the vertical adjustments are 
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imparted to the work-carrying knee in the first, and 
to the cutter-driving in the second. » This is 
reflected in the forms of the braces used in each. 
In the Lincoln design the bracing occurs in the 
form of a stiff cylindrical bar, which ties the head 
and tailstocks together. This was not present in 
the earliest machines. It is stiff enough to maintain 
the arbor in alignment, when the spindle saddle is 
elevated by its hand wheel, since the bar, gripped in 
the saddle, is also carried in the sliding bearing in, or 
on the tailstock. The practice of carfying the 


a binding bolt goes through the slots seen in the 
uprights, to clamp these and the box bearing as one 
piece after adjustment. A micrometer dial is fitted 
to the elevating screw, reading to thousandths of an 
inch. 

Fig. 206 shows how the arbor spindle supports 
and bearings are carried on the faces of uprights, 
and braced together with a cylindrical steady bar, 
to be moved in unison from an elevating screw on the 





adjustments of the tailstocks along the bed and over 









































cutter-supporting head, being bolted to its bottom 
face, and extending below the cutter to receive the 
tapered end of the arbor. Support is afforded to 
a tool close to the location where the greatest stress 
of cutting occurs by the use of a sliding support to 
the spindle or the arbor that carries the tool. None 
of the early machines included these provisions. 
Drilling machines afford abundant examples of this 
kind. Spring and vibration are thus greatly 


headstock. The split bosses permit of horizontal | reduced. 


uced., 
Figs. 208 and 209 illustrate tailstock details for 


Fig. 211. || 
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supporting bearings on the faces of saddle and tail- 
stock is usual on all except the smaller machines, 
in which, as ever, they are received in housings 
centrally in the head and tailstoxks. In this design 
they are usually adjusted vertically with separate 
hand wheels and screws, with some loss of time 
and risks of non-alignment. But the best machines 
have micrometer dials. 

The tail support of one of the Hendey machines 
is shown by Figs. 204 and 205. It fits on the bed 
with @ vee and a flat, along which it is adjusted 
with a screw. The box-bearing for the tail end of 
the arbor slides on the flat vertical faces and edges, 
and is elevated and lowered by a screw, a recess for 
‘which is in the left-hand upright, Fig. 205. 
In addition to the support afforded by this screw, 























the bar. Fig. 207, a modified form, includes 
supports for the arbor, both adjustable along the 
brace bar—one of the Tangye machines. The 
elevating gears operate in unison like those of planing 
machine cross-rails. This is a rigid design suitable 
for heavy gang work. 

Allied Machines.—The bracings on the plano- 
millers are carried on the cross rail, being adjustable 
along it to afford support where required close to 
cutters. This is a necessary provision in the 
gang-milling done so extensively on these machines. 
Vertical-spindle machines, using edge mills are 
fitted with some kind of brace to steady the arbor 
below the cutter. These are either bolted or hinged 
to the main framing in the form of a bracket standing 
out; or they come down vertically from the sliding 


























(6158.K.) 

















(6158 M) 


one of the George Richards’ Universal surfacing, 
boring, milling and drilling machines. Since the 
bed is made long, to accommodate the varied 
character of the work done, the support for the boring 
bar, or the milling cutter arbor, is elevated in- 
dependently of the saddle on the headstock. Fig. 
208 shows this to a small scale. Fig. 209 is the 
bearing enlarged. This shows that the cap is hinged, 
to be thrown back for the insertion of the bar, 
which runs in a bush in the bore of the bearing. The 
diagonal bolt secures the cap. 

Gear Cutters—The bracings of vertical spindle 
gear cutters are represented by the example, 
Fig. 210. Two arms extend diagonally from the 
upright pillars to the top of the arbor, forming a 
triangular framing in plan, which effectually resists 
the stresses of cutting. Figs. 211 and 212 show 
a form of adjustable stay that was fitted to a design 
of horizontal spindle gear cutter. The work- 
carrying saddle, not shown, is of the usual form, 
moving on an upright. This stands facing the 
upright shown, on which the bracket seen is adjusted 
with square edges and a setting-up strip. Its boss 
encircles the work-holding arbor or mandrel at 
its outer end, as will be readily understood without 
including a plan view. The base plate being 
clamped, the pivoted upright can be thrown back 
out of the way when the two front bolts in the slots, 
Fig. 211, are slid outwards. 

Shapers.—Supports for shaper tables are not so 
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frequently fitted as one might anticipate. An 
example is illustrated in Figs. 213 and 214. An 
extension on the bottom of the knee, Fig. 214, 
provides a face approximating to that of the length 
of the slide-face of the machine framing. A bracket 
with two slot grooves for bolts is fastened to the 
base. Another bracket adjustable vertically sus- 
tains the extension piece, and is also gibbed to it, 
under the lip of the extension to the knee, in order 
to prevent it from lifting. 

In some shaping machines a rod support is 
provided for the outer end of the table. Height 
adjustments are provided for by making a hole in 
the bottom web of the table with a split boss 
through which the rod passes, and in which it is 
clamped. The rod has a flat foot that slides along 
the baseplate with feeding of the table to push the 
cuttings away. Somewhat similar is the base, 
seen in Figs. 215 and 216, in which the rod support 
runs on a roller along the base. The upper end of 
the rod is gripped in a split boss in a bracket bolted 
to the bottom of the knee table. The design in 
Figs. 217, 218 is better, because more steady, 
since two rollers are employed. These are carried 
in a slotted upright on the inner face of which the 
knee is adjusted, bolts passing through the two 
slots to bind the parts. 





SOME WATER SUPPLY PROBLEMS. 

Most of our great towns are situated at a con- 
siderable distance from the hilly districts of the 
kingdom where precipitation is large and the 
presence of lakes or valleys with narrow outlets 
makes the impounding of large quantities of water 
relatively cheap. It has thus been necessary for 
Manchester to seek its water supply from Thirlmere, 
situated nearly 100 miles from the city boundaries ; 
Liverpool from Vyrnw, over 50 miles away, and 
Birmingham from the head waters of the Elan and 
Claerwent, some 70 or 80 miles distant. This 
annexation of gathering grounds by distant corpora- 
tions has not been suffered without remonstrance 
from other communities. These being nearer the 
areas in question have held that they had a right 
to take exception to such appropriations, which in 
later years may make it necessary for them in their 
turn to draw their supplies from distant sources, 
owing to the nearer and more convenient gathering 
grounds having passed into the possession and 
under the control of far off cities. Again, as the 
more favourable areas are one by one appropriated, 
there has at times arisen a competition between 
different towns to secure the better of the remaining 
areas. Thus, a few years ago several corporations 
simultaneously promoted bills for securing water 
supplies from the River Derwent in Derbyshire. 
In this case matters were compromised by the 
formation of a joint water board to construct the 
works and allot the supply due to each of the 
constituents represented on the board. 

This question of making the best use of our 
gathering grounds, and of reconciling the claims of 
competing communities has been the subject of 
several reports to Parliament by commissions or 
committees for the most part now forgotten. An 
interesting and useful digest of these reports, which 
have long lain undisturbed in their pigeon holes, is 
included in the Quarterly Circular of the British 
Water Works Association recently published. From 
this it appears that the matte: was considered as 
far back as 1866, when the Richmond Royal Com- 
mission was appointed to ascertain “‘ what supply 
of unpolluted and wholesome water can be obtained 
by collecting and storing water in the high grounds 
of England and Wales.” This committee advised 
that the legislature “ should jealously watch” any 
attempt by great cities to secure supplies from a 
distance, on the ground that other communities 
nearer the site might suffer. If the claim to a 
distant gathering ground were admitted the com- 
mission suggested that the promoters should be 
compelled to provide for the supply of all com- 
munities along the line of the aqueduct. 

Another suggestion was that the towns in the 
different industrial areas should be arranged into 
groups, and that the supply from the nearest suit- 
able area should be granted to the group rather 
than to any individual town. 





In 1878 the Society of Arts, on the initiative of 
the late King Edward, promoted a further inquiry 
into this question. At that date little was under- 
stood as to the purification of water, and many held 
to be experts on sanitary questions, maintained 
that a supply once polluted remained polluted in 
spite of any further treatment it might undergo. 
This opinion, founded purely on a necessarily im- 
perfect theory, was maintained in spite of the 
evidence to the contrary provided by the death 
rates from water-borne diseases in the different 
great cities, which showed that this was less in 
London with an admittedly polluted supply than 
in Manchester and Glasgow, where the water being 
derived from upland areas was considered to be 
pure and innocuous, needing no treatment before 
delivery to the consumer. With these views as to 
the impossibility of purifying water then in vogue, 
the preservation and due allotment of the upland 
gathering grounds was naturally considered a 
question of prime importance, and the schemes 
submitted to the adjudicators appointed by the 
Society of Arts involved the mapping out of the 
whole country into a number of water shed districts, 
each containing one or more complete river basins. 
These districts were to be under the control of a body 
of commissioners, with powers to acquire all existing 
waterworks. These commissioners would also 
constitute the authority for dealing with questions 
not only of water conservation but with sewage 
disposal, fisheries protection and flood prevention, 
under the central control of a Ministry of Health. 
The same general idea is to be found still earlier 
in the report (1867) of the Rivers Pollution Preven- 
tion Committee and its successor of 1868-74, and 
by many other bodies and committees since ap- 
pointed. All, from the digest given, seem to concur 
in the advisability of taking steps to administer 
different water sheds as units, ignoring the existing 
Local Government Board boundaries. wakes 

Some of the earlier reports are fully as interesting 
as those by later commissions, and the digest in- 
cludes long extracts from the report of the Royal 
Sanitary Commission of 1868-74. Some observa- 
tions extracted from a paper by Lord Montagu, 
one of these commissioners, have a strangely 
familiar sound. Lord Montagu contended that 
water supplies should be in the hands of the com- 
munity for the following reasons amongst others : 
** An elected municipality can be influenced by the 
inhabitants, who have the remedy in their own 
hands ; a company is irresponsible, and complaint 
is useless and unheard. A municipality can seek 
only the good of the townsmen ; a company seeks 
only to increase its dividends.” Now there are some 
good reasons in favour of a municipal control of a 
water supply, at any rate in the case of large towns, 
but experience has shown that those quoted above, 
based as they are on purely a priori prepossessions, 
have been falsified by the facts. It is, for example, 
an almost universal experience that company 
officials are more responsive to complaints and treat 
complainants more courteously than do public 
officials. A corporation moreover “does not seek 
only the good of its townsmen,” this is commonly 
a secondary consideration to the good of the 
predominant party in power. What is immediately 
popular is thus often preferred to the ultimate 
good of the community should this involve a 
certain present sacrifice. Finally, in the case 
of small municipalities, at any rate, a company will 
not run the risks that are light heartedly assumed 
by the elected of the people. A striking instance 
of this was furnished by the report on the typhoid 
outbreak at King’s Lynn, some few years ago. It 
was there established that the corporation had been 
repeatedly warned by the Local Government Board, 
as to the dangerous character of its water supply, 
but had systematically disregarded the advice 
given. No company would have dared to act in 
the same way, as its directors, even if as wanting 
in the common feelings of humanity as Lord 
Montagu assumed, would have been afraid of at 
any rate a civil claim for damages, and possibly of 
@ criminal prosecution should a typhoid epidemic 
result from their neglect. 


The real advantage that a public authority | Finnish 


possesses in regard to water supply, lies in the 
greater stringency with which offences in the nature 





of waste and pollution are punished by the magis 
trates when the undertaking is under direct public 
control; and further, in the circumstance that 
parliament will generally give a corporation powers 
to insist on a superior type of standard internal 
fittings than it will accord to a company. The 
writer well remembers the late Mr. W. B. Bryan, 
the engineer-in-chief of the East London Water 
Company, complaining that he was compelled to 
admit into houses in the area served by his 
company, water waste preventer cisterns of the 
flimsiest character, costing only about one-third of 
the cheapest admitted into houses by the corpora- 
tions of the great provincial cities. 

In this connection it may perhaps be well to 
point out that in another portion of the circular 
under review very grave injustice is done to 
Mr. W. B. Bryan. No doubt the passage in ques- 
tion escaped the notice of the technical editor, 
who would undoubtedly have cancelled it had he 
realised the insinuation conveyed. The passage in 
question is a quotation from “ John Citizen” in 
the Municipal Journal of September 12, 1919. 
It runs “Every summer we get news of water 
shortage from many districts, but London never 
lacks an adequate supply now. Yet I can recall 
water famines in London, chiefly in the East End, 
but that was before the much-abused Metropolitan 
Water Board bought out the various private 
companies and so guaranteed water for all.” This 
paragraph certainly conveys the idea that the water 
famine of a few years ago in the area served by 
the East London Company was due to the neglect 
of Mr. Bryan and his directors, whereas as 4 
matter of history it was directly due to the action 
of the politicians then controlling the London 
County Council and the ignorance of the House of 
Commons. Mr. Bryan had in fact made arrange- 
ments for the construction of additional reservoirs 
in the Lee Valley, which, had his Bill passed Parlia- 
ment, would have been in service before the great 
drought occurred. The Bill was rejected at the 
instance of the London County Council, represented 
in the House, amongst others, by the late Prof. 
Stuart, who urged in the House that the new 
reservoirs were totally unnecessary, because the 
East London Company had already a much larger 
storage capacity per head supplied, than any other 
London company. The speaker apparently could 
not realise that a much larger storage capacity 
was necessary for works supplied from a small 
river like the Lee, than from a large river like the 
Thames. The House, however, accepted the 
opinion put before them and the Bill was rejected. 
The result was, that when the drought ensued— 
a contingency for which Mr, Bryan had tried to 
provide—the public blamed him, instead of the 
ill-informed politicians really responsible. It is 
very regrettable that countenance to a popular 
perversion of the facts should be given by the 
inclusion without comment of such a paragraph 
as we have quoted, in a publication of a more 
or less professional character. 





Tue InstitvTs or TransPort.—The first meeting of 
the Council of this Institute was held on Monday, the 
9th inst., at the temporary offices, 2 and 3, The Sanctuary, 
Westminster, 8.W. 1, and an announcement has been 
issued giving the names of the members of the first 
council, of the members of the various committees, of 
members and associate members of the Institute. The 

ayes Ss ~ = Hon, a — G.C.B., 

.P., Minister o' rt. ina’ meeting is 
announced to take plese at the Institution of Civil 
Engineers, on Monday, March 8, or March 15, at which 
the president will deliver his dential address The 
hon. secretary pro tem. is Mr. H. E. Blain. 


Com from 

H ors yard, and the vessel, named Finlandia, 
was recently launched. It has been built to the rules 
of Norwogian Veritas, has a displacement of 2,370 


marks, appears to be rather high. Materials for 
the two sister ships have been from Germany, 
be deli . The Atlantic Compan 
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LINK GRINDING MACHINE. 


CONSTRUCTED BY MESSRS.JL. STERNE AND CO., LIMITED, ENGINEERS, GLASGOW. 
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Speed of Countershaft 330RP-M. 
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A LINK-GRINDING machine, constructed b 
L. Sterne and Co., Limited, Crown Iron Wor 
Woodside-road, Glasgow, is illustrated in Figs. 1 to 4 


Messrs. 
North 


on the present and opposite 


This machine, 
tho 


mainly intended for locomotive links, is clearly 
for a wider range of work, as the radius possible 
varies between 2 ft. and 10 ft., while the machine can 
also be used for lapping and other work. The machine 
consists essentially of a box frame ing the grinding 
mechanism, and the radius frame which is arranged 
vertically in a pit in front of the former. 
sig wid bas, Ole ogee Of ROU) ir oon 
ding w two 8 3,060 r.p.m. and 

§ 210 r.p.m. It is driven off a drum on Pepe stig 
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shaft, which has a speed of 330{r.p.m. When grinding 
links, the wheel rotates on its own axis simply. When 
grinding round’ holes it has three movements. The first 
of these is on its own axis; the second is an eccentric 
motion which can be varied from 0 in. to 1} in.; the 
third is a traversing movement of the whole} head. 
The spindle runs in gun-metal bearings made adjustable 
for wear by means of a screw. The spindle is carried 
in a cast-iron sleeve which is mounted in a rotating 
outer casing. The sleeve can} be thrown out of the 
centre of the outer casing. This can be done by auto- 
matic means, or by hand, without stopping the machine. 
A graduated disc reading to 1/1 of an inch 
allows of, accurate setting. The wheels, used’are from 
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1 in. to 2 in. by 2 in. and 3 in. and 4 in. by}in. The 
belt drive for the spindle can be seen in Fig. 2 and 
the two views, Figs. 3 and 4. 

The whole grinding head moves on slides on the top 
of the body. The traversing movement of the grinding 
head is secured from the belt drive shown at the right- 
hand end of the machine in Figs. 1 and 3. This gives 
four speeds to the head, viz., 6-32 in., 7-67 in., 9-48 in. 
and 11-83 in. per minute. This movement can be 
controlled by adjustable stops, which are clearly seen 
in Figs. 1 and 3, on the near side of the body. This 
automatic movement can be thrown out of gear 
instantaneously, and hand movement substituted, 
operated by the large hand wheel on the near side of the 
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provides.the barrel cooling surface. Several cylinders 
of this type, with diameters up to 4-75 in., have been 
tested, and have or excellent results. On the other 
hand, the relatively high coefficient of expansion of the 
aluminium alloys (0-000024 as com with 0-000012 
for steel) tends to cause separation of the liner and casing 
at working temperatures, and this causes overheating 
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barrel. The cylinder diameter was 54 in. by 6} in. 
stroke, and the compression ratio 4-6. The tests 

carried out at 1,450 r.p.m., and in a wind of 82 m.p.h. 
The results showed that under maximum load conditions 
the aluminium-headed cylinder gave 15 per cent. more 
power than either the steel cylinder or that with an 
aluminium cap. The petrol consumption of the 











of the liner and consequent drop in power and i 
in rol consumption. Some few cylinders have 
developed such trouble, which has always been traced 
to a a liner. This drawback becomes pro- 
rtionately less important as the cylinder diameter is 
iminished, and for smaller diameters than 4 in. there is 
little reason to anticipate any difficulty of this kind. A 
shrink: allowance of about 1 in 600 on the diameter 
should be given. 
The method of inserting the liner appears to be 
im t, and better results are obtained when the 
der is heated in hot air to the required temperature, 
th in when heated in an oil bath. In the latter case the 
presence of the film of oil between caging and liner is 
probably responsible for a certain lack of thermal contact. 
Tests on bronze liners have been made, and by this 
means expansion troubles may readily be overcome. 
The wear of such a liner is, however, ter than that 
of a steel liner, though it is probable t investigation 
may enable a sufficiently hard liner of this type to be 
developed. 
20. Tests have also been made with screwed-in steel 
liners, but with unsatisfactory results. Such cylinders 
have always given very high oil temperatures, indicating 








linder was 26 per cent. less than 
that of the steel cylinder and 20 per cent. less than that 


of the capped cylinder. 
It is true that the cylinder as originally designed was 


not very well for the application of a cap, and 
probably i better btained 


mn beg ~_" ‘a design. 
with this forming an in part oi i 
The Ps Pag nodes, however, tends to show that 
unless such a cap is well bedded, the cylinder head is but 
little cooler than with the normal steel head, and that, 
however well fitted initially, “‘ growth” and distortion of 
the aluminium cause lack of contact after some hours’ 
running. Unless the cap be then rebedded the power 
falls off and the petrol consumption increases very 
appreciably. : 

The largest all-steel cylinder 

and his has a bore 
8 in. With a compression ratio 
of 75 m.p.h. this cylinder, Fig. 
brake mean effective pressure on @ 


in, and a stroke of 
4-48 and in a wind 
» developed 115 lb. 
1 consumption of 


6 
of 
5. 


0-68 lb. per brake horse-power per at 1,250 r.p.m., 
and 105 lb. mean effective pressure on the same con- 
sumption at 1,600 r.p.m. It had a water-cooled 


exhaust valve 2-75 in. diameter. U similar con- 
ditions an aluminium-headed cylinder of the same size 
developed 121 lb. brake mean effective pressure on a 
consumption of 0-56 lb. per brake horse-power “og hour. 

. on 





24. Cylinders with inal FPins.—T 
majority of the air-cooled engines tested by the author 
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a hot liner, and on cutting the cylinder open after 
operation, lack of satisfactory contact between the 
liner and the casing has always been evident. The 
difficulty of obtaining good contact at all points of a long 
screwed liner is very great, and if satialactory contact 
be obtained when cold, the difference of longitudinal 
expansion when hot causes the threads to touch only at 
isolated points. 

21. In a third system of composite construction, the 
aluminium casting been confined to the cylinder head, 
and into this has been cast or screwed the steel barrel 
with its own steel cooling fins, as shown in Fig. 2. 
enaany Sie system has proved sound. The cast-in 
barrel has m used successfully in sizes up to 6 in. 
diameter, and the screwed-in barrel in sizes up to 5} in. 
diameter. The holding-down bolts now grip 4 ring, 
in 1 with the steel barrel. With a screwed-in barrel, 
the length of the screwed portion should be about one- 
tourth of the cylinder diameter. 

22. In another system, exempli in a well-known 
series of engines, the barrel and are formed of steel 
in one piece. An aluminium embodying the inlet 
and exhaust ports is secured to the cylinder heed by a 
series of bolts. This type is intermediate between the 
al ded cylinder and the all steel cylinder. 

23. The author has had the opportunity of carrying out 
extended tests on the t of all-steel cylinder used in 
the Clerget, Le Rhone and other well-known aero engines. 
These testa have been on cylinder diameters ing from 
c= to ren The tests show that for such sizes all- 

cylinder gives very appreciably higher rol 
consumptions than does the saree oe ind 
and that the brake mean effective pressure is lower. 
An interesting series of tests has been carried out by the 
ee ee Ee ne ne cae tate 
construction of the head. one case thi of steel, 
with one aluminium inlet and two i exhaust 
ports bolted to its outer surface. In the 
an aluminium was 
cylinder ; and in 
cut off and an aluminium 








d cylinder, | similar 


have had circumferential fins surrounding the barrel and 
head, and have been tested in a free air blast. Two, 
however, were of different design, with longitudinal fins 
down the barrel. One of these was a Franklin car engine, 
with six cylinders, 3§ in. (92 mm.) bore by 4 in. stroke. 
Each cylinder carries a series of 56 parallel steel fins, 
0-064 in. thick, 0-785 in. deep and 8 in. long. Each 
cylinder is surrounded by a cowling closely fitting the 
fin tips, Fig. 6, and air is drawn thro these cowlings 
from top to bottom by a fan having a diameter of 20 in. 
and a width of 4 in. The mean air between the 


fins is 18 m.p.h., with an ear of — r.p.m., 
of 1, r.p.m. engine 
ing to the small clearance 


and 23 m.p.h. with a 

of the pistons in two of the cylinders, namely, 0-0020 in. 
and 0-0025 in., it was found impossible to run this 
es pence P ag pe for more than 10 minutes 
at a higher speed than 1,200 r.p.m. At any hi speed 
the pistons in these two cylinders seized. ZX, too .p-m. 
the brake horse-power was 26-7; the brake mean 
effective pressure was 70 lb. per square inch, and the 
Ey 190 deg. C. yo ye 
run R r.p.m. engine *3 brake 
horse-power, falling to 24-9 brake 

10 minutes, when the pistons seized. The i 
—— half-way this run was 2 
win 
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valve, both overhead. 





so far tested by the author | well 





25. Pistons.—Various types of piston have been used 
in the different teste. In many cases different pistons 
have been used in the same cylinder. The results all 
point to the general advisability of the aluminium alloy 
piston as compared with one of steel or cast-iron. A 
series of temperatures taken on different pistons in a 
100-mm. by 140-mm. aluminium air-cooled cylinder, 
developing 115 lb. brake mean effective pressure at 
1,800 r.p.m., showed that the temperature of the crown 
of an aluminium piston of normal design, with a full 
skirt and with splash lubrication, was about 200 deg. 
to 250 deg. C., and was 200 deg. C. lower than that of the 
corresponding cast-iron piston. The brake horse-power 
was 6 per cent. greater with the aluminium piston, and 
the petrol consumption 5 per cent. less. The weight of 
the cast-iron pi was 1-77 lb. and that of the 
aluminium m 1-26 lb. The maximum clearances 
(cold) were 0-020 in. for the cast-iron piston and 0-026 in. 
for the aluminium piston. The clearances hot were 
sensibly the same, namely, about 0-008 in. These 
pistons ere shown in Figs. 7 and 8. The cold clearance 
necessary over the top lands of an aluminium piston in a 

-designed air-cooled cylinder is about 0-005 in. 
per inch of cylinder diameter. 

26. Cylii Distortion.—Other things being equal, 
cylinder distortion will be proportional to the difference 
of temperature between its hottest and coldest sides. 
Temperature distortion of the head itself is not usually 
serious, if the head itself is not of composite construction. 
One of the objections often raised against air cooling is 
that an air blast on one side of a cylinder leads to excessive 
distortion of the barrel. So far as the author’s experience 
goes, this is not necessarily, or, indeed, generally, the 
case, at least with finned steel or cast-iron barrels of 
reasonable thickness, or with finned aluminium casings 
fitted with steel or cast-iron liners. 




















In such cylinders the differences of temperature 
between the two sides of the barrel depend entirely on the 
way the blast is applied. The exhaust side is normally 
the hottest, and by applying the blast to this side, the 
difference of temperature between the two sides may 
become comparatively small. As an example, the 
following figures taken from tests on a 5}-in. air-cooled 
aluminium cylinder may be of interest. ith the blast 
on the exhaust side of the cylinder, the maximum 
difference of temperature between the front and back 

the 58 . C., while the mean difference 


i 


perature rose to 4 
of 180 deg. C. and a mean of 120 deg. C. In 
ite of this, however, the cylinder, which was fitted 
ini gear em apn 0-025 .n. clearance, 

inding after a prolonged run, showing 
that even in this extreme case and in a cylinder of this 
size, the distortion was not serious. 
The results of a large number of tests on aluminium 
of 4 in. bore with the wind impinging on the 
of the cylinder midway between the inlet and 
exhaust valves, show a mean difference of temperature 
56 deg. C. between front and back. Here, again, no 
idence of distortion sufficient to have any practical 
has been noticed. A cast-iron cylinder of the same 
design and wall thickness gave a mean difference, under 
the same conditions, of deg. C., while an L-head 
cast-iron cylinder of more normal design and wall thick- 
ness, also having the wind blowing across the cylinder, 
ve & maximum difference of 75 deg. C. and a mean 
ifference of 68 deg. C. Here, again, the distortion had 
no apparent effect on the running of the engine. Since 
temperature differences are smaller with smaller diameters 
of cylinders, and since the effect of a given tem: 
difference is smaller as the cylinder barrel 
stiffer, as will be the case 'y in the smaller 
linders, there would appear to be little reason to fear 
the effects of distortion in any probable air-cooled motor 
car ine. 
ile a cylinder with longitudinal fins has a com 
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The figures show that the cylinder tem 


even distribution of air flow around its | 
this does not necessarily involve a lessor | 
Y In the first place, with a cylinder of normal | 
design the exhaust side is always the hottest, so that a 
cylinder with circumferential and a free air blast 
os exhaust side 1 ~ generally have a more uniform 
temperature than one with longitudinal fins. | attained at the highest —_ speed is i 
Furthermore, the stiffening effect of the Secumstescatiel = case ph marked. , t ee aon the peas on 
fins, of which the outer portions are comparatively | engine, if designed to cool when climbin, 1 —— 
cool, is very appreciable, and with a given temperature | at maximum engine speed, will be adequntels ‘but not 
difference across the barrel the distortion of such a | excessively, cooled under ‘all other conditions, podine 
ere a _ less than that of the cylinder with | => far 7 a is a b _ cooling wind due to the 
5 t t t it. 

27. Fan Cooling.—With a fan of the propeller or | . Sines the amee or anes Hiden works at full 
—— Ao ded a path beer sy Paw a free | throttle for more than a few minutes on end, it is a 
of rotation. When installed os os ‘aw or Sen air eo yd ‘<a Gun te te. Soule 2 roy By Se 
through @ cowling, the delive becomes proportional | of temperatures somewhat higher than those desirable 
2 bey = is = a of revolutions per minute, under normal conditions to be attained during the worst 
7 For a couten ons eytinder tem ure, the d ea ty “Toller wet y> D1. air 
raised to the power 0-73 or ( 850-73 = N0-62, should be tlh “Dog of 20 deg. C. it ag be taken that “he 
proportional to the heat to be dissipated. Over the| well-designed engine, the wind speeds’ given “in para- 


paratively 
phery, 


‘ : z ures in 
nye these engines would iy yess . htly with the speed 


over this range. In ¢ the maximum 
temperature would be attained at about 1,300 r.p.m., 
and the engine would be actually cooler at higher speeds, 
In the last three, the maximum temperature 





win 
’ 





Fig.6.  secriowat ELEVATION. 





theoretical horse-power required to p 
blast is only 0-006. The efficiency of these small fans, 
if well designed, is at least 50 per cent. or, allowing for 
frictional losses in the cowling, say, 40 
would be | the 







‘WAt a velocity of 30 m.p.h. (44 ft. per second) the 
uce this cooling 


r cent., so that 


actual horse-power absor' in cooling at full speed 
should not exceed 0-015 h.p. per engine brake horse- 
power. 


In an engine with L-head cylinders, the horse-power 


absorbed would be about 50 per cent. greater than this, 
or 2-2 per cent. of the engine horse-power, while if the 
wind speed were doubled, allowing the same rise in 
tem 


q 
to the product of the weight of air and the square of its 


rature, the horse-power absorbed would be 
rupled, since the horse-power of a fan is proportional 


Some measurements of this fan power were carried out 
on a R.A.F. 5, twelve-cylinder Vee fan-cooled engine. 
Here the cylinders are of cast-iron and of L-head es 
The brake horse-power is 140, the wind speed 60 m.p.h., 
and the fan, which is of the encased type, absorbs 
9-25 h.p. at full speed, or 6-5 per cent. of the engine 
power. 


SECTION OF CYLINDER , 
SHOWING RADIAL COOLING 
RIBS IN AIR DIRECTING. 
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range of speeds throughout which the volumetric efficiency 
is sensibly constant, and throughout which the brake 
horse-power and the heat to be dissipated are therefore 
—_ to the speed, the temperature of a fan 
cooled engine will increase with its speed of rotation. 
Actually the brake mean effective pressure usually 
remains more or less constant up to about 0-66 of the 
speed giving maximum power, after which it falls off 
=< with the result that the total heat to be dissipated 
at high speeds increases much less rapidly than the speed 


of the engine. 
TaBLE XIV. 
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Adler L-head : | 
Cyls. 86 mm. by 135 mm. |1-02'1-04 
Adler L-head : | 
Cyls. 90 mm. by 125 mm. |1-05 1-02 
Daimler-Knight ve-valve 
Cyls. 96 mm, by 130 mm. |1-00/1-03 
Mercedes-Knight Sleeve- 


valve : 
Cyls. 100 mm. by 130 mm. 
R.A.F. 3 A. Aero: 
Cyls. 4-5 in. by 5-5 in. .. 
8.C. Aluminium A.C. : 
Cyls, 44 in, by 54 in. 
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wie wind to be 
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Miles per Hour. 
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It should be noted that these are the speeds 
when the cylinders are of efficient type, well 
and with adequate — lubrication ; 
engine itself is efficiently to the 
t.e., when each cylinder is 
is directed on to the hot 
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design 





graph 15 will enable a maximum cylinder temperature of 
approximately 240 deg. C. to be maintained. For short 
iods a maximum temperature of 280 deg. C. is per- 
nding temperature-differences 
between the cylinder and the air are 220 deg. and 
Since this temperature- 
difference is inversely proportional to vos, it follows 
that the wind speed may be reduced to 1/1 - 18°4=:1/1-182°5 
= 1/1°51 = 0-66 of its normal value, without exceeding 
limit of temperature-difference. The necessary 


iven by the fan at normal full ine 
ould ane be as in Table Xv. 
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Tests by Riedler on the power absorbed by a cooling. 
fan of the propeller type, used in connection with a 
oar Eysiaiala stationary tractor engine, gave the following 
results :— 





710 900 


-| 0-10 be 


No figures are given as to the velocity of the coolin, 
air, but at 1,240 r.p.m., with a power consumption o 
0-5 h.p., the heat diesi pated from the radiator was the 
equiv: t of 23-7 h.p. The mean temperature of the 
radiator water was 75 deg. C. and the air temperature 
16 deg. C. As the mean temperature-difference between 
the air and the cooling surfaces of the average air-cooled 
cylinder is at least twice as great as in this radiator, 
even if the efficiency of the cylinder surfaces, owing to 
their form, is only 75 per cent as great as that of the 

radiator (a figure lower than is indicated by 

t) this fan would dissipate the heat from an 

tt air-cooled engine of 22 h.p., absorbing 1-5 per 
of the engine horse-power in the process. 


1,080 | 1,140 
u-30 | 0-40 


1,240 
0-50 


Fan speed-re volutions 
Power absorbed (H.P.) 








cent. 





Tae Oprticat Socrery.—aAt the annual general meeting 
of the Optical Society, Mr. R. 8. wae M.A., was 
to the idency. Professor F. J. Cheshire, 
ackson, K.B.E., F.R.S., 
i idents. Mr. I. G. 


‘and Messrs. William Shackleton, 
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30-H.P. FOUR-CYLINDER AGRICULTURAL TRACTOR. 


CONSTRUCTED BY MESSRS. ALLDAYS AND ONIONS, LIMITED, ENGINEERS, BIRMINGHAM. 
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Iw the figures on this and the following we 
illustrate the 30-h.p. agricultural tractor ich was 
entered in the recent Lincoln trials by Messrs. Alldays 
and Onions, Limited, of Birmingham. The intention 
of the designers of the tractor was to provide a machine 
suited for ——_ purposes, and adapted more ially 
for road haulage and stationary work of different 
kinds, but capable of —— most of the work 
required for the tillage of land. In order to fulfil these 
functions properly and obtain the necessary adhesion, 
the weight of the tractor has not been cut as fine as in 
those designs which cater chiefly for tillage work and 
treat road haulage as a secondary matter. Great 
attention has accordingly been nt ot ond springing, 
and the rear axle has been mio a pair of 
laminated springs, which can be eye out Le action when 
desired for work in the fields. A locking beam pro- 
vided with a screw for this purpose is fitted over Mihe 
rear springs. This can be seen in Figs. 1 and 2 and 
also in cross-section in Fig. 4, which shows the rear 
axle. 

The steering is somewhat novel in form, being a 
combination of the traction engine and motor-car 
types. The front wheels are mounted on stub axles 
hinged on a built-up front axle, and are cross-connected 
through stee arms and a tie rod. Each stub axle 
is also provided with an additional steering arm con- 
nected to a cable chain which is wound upon a barrel 
operated from the drivers’ seat through a worm and Fie. 3. 
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DETAILS 


OF 30-H.P. AGRICULTURAL TRACTOR. 


CONSTRUCTED BY MESSRS. ALLDAYS AND ONIONS, LIMITED, ENGINEERS, BIRMINGHAM. 


Fig. 5. 
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wheel. A spiral spring cushion is fitted between each 
chain and steering arm to protect them from severe 
strain. These arrangements can be seen in Figs. 1 to 3, 
and in Figs. 6 to 8. The driver is placed well to the 
rear of the machine, and all the control levers are 
placed in convenient positions. Two brakes are 
provided, one operating direct upon the off side driving 
wheel by a screw and nut placed horizontally. The 
second brake is mounted upon the second motion shaft 
of the gear-box, and is pedal-operated. Both brakes 
have external contracting bands lined with Ferodo. 
The side members of the main frame are of channel 
section straight throughout their entire length, and 
are united by cross-members, braced and gussetted. 
Towing hooks are provided at the front, and a box- 
shaped traction beam carries the drawbar attachment 
at the rear. 

The engine is mounted at the front, and has four 
cylinders cast together, 44, in. bore by 6} in. stroke. 

ey are cast integral with the top half of the crank- 
case. The cylinder head is cast separately, and 
attached by studs and nuts, and can be readily detached 
for cleaning purposes. The whole of the valves, 





SECTION ON A.B. 








OD. 
Be id 


fam 
v 











valve seatings andfrockers are 
mounted in this casting. 
engine is designed to run en- 
tirely on paraffin, and therefore 
has a low compression pressure 
in the neighbourhood of 60 Ib. 
tothe square inch. The bottom 
half of the crank-case is merely 
an oil seal, and carries the 
* troughs for lubricating the big 
ends. The crankshaft is housed 
in five bearings lined with white 
metal, The flywheel is mounted 
upon a flange at the rear end, 
which is turned to receive a 
cone clutch lined with Ferrodo. 
The camshaft is mounted in 
the crank-case and driven by 
spur gears. The motion to the 

valve rockers on top of the engine is carried up by 
rods. The magneto and water pump are driven by a 
cross shaft mounted on the front of the engine imme- 
diately behind the radiator, which is of a gilled tube 
type. A Holly es Py BH is of a 
single-jet , delivering the para to an exhaust- 
Selled “vacetiolag’ ‘chebeber. The air is taken in 
through a well-arranged water seal to ensure proper 





cleansing and to prevent dust passing into the 
cylinders. 








The gear-box is a separate unit mounted directly 
behind the clutch and driven through a universal joint 
of a leather-dise type. It is provided with three — 
forward and reverse, having a ratio of 102-8 to 1, low ; 
69-5 to 1, intermediate; 35-2 to 1, high. They are 
made of Ubas steel, carbonised. The teeth are 6 pitch, 
1} in. wide. They slide on a square shaft, and the gear - 
c mechanism is operated by hand lever and 
quadrant, similar to motor-car practice. Final drive 
to the road wheels is by a Brampton double roller 
chain, illustrated in Fig. 5. The rear axle rotates, 
and is of quite a novel design. The arrangement is 
shown in Fig. 4. It consists of a circular steel shaft, 
extending right across the vehicle, castellated at each 
end to fit steel castings bolted to the road wheels, 
and through which the latter are driven. On the near 
side is mounted the chain wheel surrounding the bevel 
differential, Cast integral with the chain wheel is a 
drum to carry 50 yards of steel cable. One crown 
wheel of the bevel differential is bolted direct to a 
steel sleeve keyed into the hub of the road wheel, 
and the other to a sleeve forming one element of a jaw 
clutch. The latter sleeve is free to revolve on the 
axle until the other element of the jaw clutch is engaged . 
When the winding drum is required this clutch is dis- 
connected. When the clutch is united both road 
poe are sees through the differential. Another 
novel feature in the design is the carrying of the weight 
of the frame to the road wheels through a steel oe 
which runs in a gun-metal bush on the steel casting 
upon which the springs are mounted. It will be seen 
on referring to the illustration, Fig. 4, that the rotating 


The | live axle is reinforced at this point, and its major duty 


is therefore to transmit the torque, and not to act as a 
girder to carry the weight of the machine. The pulley 
for driving stationary machinery is mounted on a 
separate gear-driven shaft. 








Tue Incorrporatep SwansEa 
thirty-second annual report of the In 
Exchange, for the year 1918-19, has now been issued, 
at the price of 2s. 6d., by the Daily Post Printing Works, 
High-street, Swansea. It gives the articles of associa- 
tion, and also the balance sheet to June 30, 1919, the 
by-laws, lists of trades and members, list of tin-plate 
works, with brands, trade statistics, &c., all information 
which will prove useful to merchants for reference 
purposes. 


Excuanor.—The 
ted Swansea 





Deroxipisisc Morten Iron.—In a paper entitled 
“Cerium in Cast Iron,’”’ read before the American 
Foundrymen’s Association, Dr. R. Moldenke states 
that while it is desirable to make iron as free from oxygen 
as ible so as to do away with deoxidisers, the use of 
ot 9 alloys is not only necessary but beneficial in some 
cases. In adding such alloys to molten iron, Dr. 
Moldenke said that the best method was to sprinkle 
the granulated material in the stream as it issued 
from the cupola or furnace spout, In this way, the 


alloy became red hot by the time it entered the ladle, 
and assimilated readily. 
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VICKERS-PETTERS SEMI-DIESEL MARINE 
OIL ENGINE. 


A TypicaL semi-Diesel four-cylinder marine~ engine 
of the type manufactured by dane Vickers-Petters, 
Limited, of Ipswich, is illustrated on our two-page 
Plate this week, and on page 248. The engine is of 
the two-cycle t with crank-case compression. 
Before describing the operation of the engine in detail 
it will perha well to refer to its constructional 
features, as the references to the detailed views which 
this will entail will fix its main features more clearly 
in mind. 

Referring then to Figs. 1 to 4, on Plate XII, and 
Fig. 5, on page 248, it will be seen that the cast-iron 
bedplate is in two sections. The after section carries 
a separate water pump and a separate bilge pump, 
as also a friction clutch and the Michell thrust bearing. 
The main bearings are carried in the cross girder 
sections of the bed. They are of gun-metal lined with 
white metal. The cran t is forged in one piece and 
is balanced with cast-iron weights. It carries an 
extension to which one member of the clutch is keyed. 
The other member is mounted on the thrust shaft. 

The crank-case of each cylinder is formed by an 
extension of the cylinder jacket. This is best shown 
in Figs. 1 and 4. The cylinder proper is of simple 
design, consisting of a plain cast-iron liner having 
inlet and exhaust ports formed in it. This liner is 
pressed into position in the jacket. The arrangement 
can be seen in Figs. 1 and 4. The pistons are of cast- 
iron, fitted with five working rings at the top, and one 
wiper ring at the bottom. The top of the piston, as 
shown in Fig. 4, is of special shape to ensure efficient 
scavenging. Heavy internal bosses are provided to 
carry the gudgeon pins which are formed with three 
steps and driven tightly into the pistons. They are 
locked and secured by keys and set pins. The con- 
necting rods are of circular cross-section, the top ends 
for the gudgeon-pin bearing being bored to take an 
adjustable bronze bush. The lower ends are formed 
to a T-palm to take the crank-pin bearings, which are 
of gun-metal lined with white metal. The cylinder 
heads are of cast-iron and are provided with ample 
jacket space for cooling water. Their form is clearly 
shown in Figs. 1 and 4, These views also show the 
form and method of attachment of the vaporisers. 
These form the only uncooled portions of the cylinder 
heads. They are entirely separate units and are easily 
removed for inspection of the combustion chambers. 

There are four fuel pumps consisting of bronze 
castings with hardened steel plungers. They are 
mounted at the aft side of No. 1 cylinder and driven 
from the crankshaft by eccentrics. The arrangement 
can be seen in Figs. 1, 3 and 5. The control of the 
fuel supply is by a shaft governor operating through 
these eccentrics. Hand control is also fitted, and 
by means of a lever working over a stepped quadrant, 
the stroke of the fuel pumps may be regulated to give 
the engine speed desired. Each cylinder is fitted 
with a reversing valve. These are operated by cams 
mounted on a shaft carried along the front of the engine. 
The shaft is driven — spiral gearing from the 
crankshaft, as can be seen from Fig. 5. The cams are 
provided with rises for ahead and astern rotation, and 
are also arranged with a neutral position. They are 
worked longitudinally along the camshaft to bring 
the valves under contro! of either the ahead or astern 
rises, as may be required. The cams are so dis 
as to permit of starting the engine in either direction 
without barring round. A master valve is provided 
so that air is not open to the air valves during normal 
running. 

The sprayer is of very simple construction without 
any mechanically-operated . Its function is 
simply to spray the oil delivered from the pump into 
the vaporiser. Exhaust silencers are bolted, direct to 
the back of the cylinders, as shown in Figs. 3 and 4. 
One silencer takes the exhaust from two cylinders. 
The silencers are water jacketted, as is clearly shown 
in Fig. 4. 

For the water-cooling a each pair of cylinders 
is provided with a circulating plunger pump. 
course of the cooling water is from the cylinders 
through the cylinder heads to the silencers, and thence 
overboard. Lubrication is by foreed feed for the 
eylinders, gudgeon pins and crank pins, and by syphon 
for the main bearings. As already mentioned, the 
engine operates on the two-cycle principle, with 
c -case compression. The scavenging air is led 
through a Pat os in the cylinder j t to the inlet 

When these latter are uncovered the air 
into the cylinder and blows out the exhaust gases, 
the exhaust ports being uncovered during this period. 
The scavenging is thus done with air only and not with 
fuel mixture as is not unusual in two-cycle petrol and 


gas engines. 

To start the engine the vaporiser chamber is first 
heated. A rapid starting lamp is fitted which enables 
this to be done in a very brief period. The i 
can be started from cold and be on full load in less t 





a minute. After the lamps are lit, the engine is started 
by opening the air valve from the reservoirs to the air 
control valve and moving the air starting lever, which 
throws the air valve into connection with the air- 
starting cams for ahead or astern running, as may be 
desired. The air then passes from the control valve 
through the starting valves to the individual cylinders. 
The engine having started on air, the fuel pump 
control lever is moved to the open position and the 
engine starts on fuel in one or two revolutions after 
the pumps are in action. The rapid starting lamp 
and master air valve can then be shut off when con- 
venient. 

For many years the inability to guarantee satis- 
actory running of semi-Diesel engines at slow speed 
and light load was an important factor in limiting the 
number of this t of engine installed for marine 
p The difficulty was due to the impossibility 
of ping the vaporiser sufficiently hot to ensure 
combustion when the engine was running dead slow 
and without load. This trouble has been entirely 
overcome by the Vickers-Petters patent light load 
running gear which permits the injection of fuel very 
much in advance of the normal injection. The arrange- 
ment is carried out by making a connection in such a 
way that one fuel pump delivers fuel to two cylinders 
at each stroke. One part of the charge is injected 
into the — normally supplied, and at the normal 
timing, while the other part is injected into the other 
cylinder in advance of the normal timing. The early 
injection is a light one and burns in the combustion 
chamber, maintaining sufficient heat there to ensure 
proper combustion of the normal charge. The change 
over to this light-load device is made easily and at any 
time by a small hand lever. The main injection is in 
no way interfered with and the governor is still in 
action. Should full load be suddenly applied the 
governor at once assumes its duties and regulates the 
fuel accordingly. 

These Vickers-Petters marine semi-Diesel engines are 
made in sizes from 10 brake horse-power to 450 brake 
horse-power, and with the number of cylinders varying 
from one to six.. The example illustrated in our 
figures is of 300 brake horse-power. The cylinders 
are 16 in. in diameter and the stroke is 18 in. The 
normal speed is 250 r.p.m. 


Leal 





INnsTITUTION OF Navat Arcuirects.—The follow. 
ing scholarships will be offered for competition in 1920: 
Naval architecture: Vickers (150/. per annum); Haw- 
thorn Leslie (1501. per annum); John Samuel White 
(1002. per annum); Denny (75/. per annum). Marine 
engineering: R. L. Scott (1501. per annum); Denn 
(751. per annum). These scholarships are open to British 
apprentices or students, and are tenable (subject to the 
regulations governing each scholarship) for three years at 
one or all of the following educational establishments : 
Glasgow University ; Durham University (Armstrong 
College); Liverpool University ; Royal Naval College 
(Greenwich); City and Guilds (Engineering) Colle; 
(London). Full particulars may be obtained from the 
Cometers, Ren of Naval Architects, 5, Adelphi- 
terrace, don, W.C. 2. ° 





British InpustRies Farr, BrrMiIncHAM.—The British 
Industries Fair (Birmingham), 1920, will be opened 
by the Lord Mayor of Birmingham on Monday next, the 
23rd inst., and will remain open until Friday, March 5. 
This is an integral part of the combined fair held con- 
currently at London, Glasgow and Birmingham under 
the auspices of the Board of Trade, and it should be 
noted that at Birmingham, and Birmingham only, can be 
seen the following: Lighting fittings (electricity, gas, 
oil), cooking stoves and utensils (including aluminium 
and enamel ware), general hardware, tools, metal furni- 
ture, perambulators, nautical instruments, firearms, 
— tackle, machine belting, rubber goods (industrial 
and household), cycles, motor cycles, accessories (for 
motor cars, cycles and aeroplanes), weighing machines, 
sani apparatus, paints, varnishes, metal work, 
ropes (steel and hemp), saddlery and harness. Intending 
visitors should make i diate application for tickets to 
Mr. Charles Stanley, General Sanna Chamber of 
Commerce, New-street, Birmingham. 








Tae Wrretess Socrery or Lonpon.—The next 


The | meeting of this society will take place on Friday, the 


27th inst., at 8 p.m., in the Lecture Hall of the Royal 
Society of Arts. The president, Mr. Alan A. Campbell 
Swinton, F.R.S., will deliver his annual address, the 
subject of which will be ‘‘Some Wireless Wonders.’’ 
The address will be illustrated by experiments, and 
during the course of the evening it is hoped to receive 
and record in view of the audience a special message 
to the society from General Ferrie, of the Eiffel Tower, 
in Paris. © outside aerial will be used, the signals 
being received on the apparatus in the room. 
afternoon of the same day a conference of provincial 
wireless societies, which have recently become affiliated 
Wireless Society of London, wi 
at the Royal Society of Arts. The new book of rules 
of members is now published; it shows that 
since the society activities after its long period 
f inaction due to the war, new members and associate 
bers in very large numbers have been enrolled. 
Intending new members may apply for particulars of the 
society to the Honorary Secretary, Mr. L. McMi 
32, Quex-road, West Hampstead, N.W. 6. 


F 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The forecast in steel- ing circles 
that increased prices would not act as a deterrent to 
trade expansion has been fully substantiated by the 
experience of the Ye fortnight. For practically ev 
class of steel and engineering requisite, the danand, 
on both home and export account, shows a consistent 
increase. Quite a feature of the market is the increased 
call for power hammers and drop-stamping machines 
for use in the lighter trades. The of work to 
which drop-stamping methods are being applied, has 
enlarged considerably since the local staple trades were 
thrown more or less on their own resources. One firm, 
for mstance, which was responsible for the early intro- 
duction of drop-stamping on German lines, is now 
doubling its plant both of drop-stamps and power 
hammers, and, in addition to supplying garden tools 
and edge tools, is developing the production of agricul- 
tural implement and textile machinery . 
In another case a Belgium firm has opened an establish- 
ment in the East End of Sheffield for the manufacture of 
drop stampings for automobile and aircraft construction. 
There is increasing evidence of anxiety among home and 
foreign users of mild steels to cover themselves against 
future requirements, probably with an eye to avoiding 
further price advances. Local pressure on output of 
mild steels is great. The demand tends to exceed 
the current supply. In special steels, business is growing 
rather more ually. Here, again, prices are rising. 
An advance of 3d. per pound is notified in the price of 
high steel to cover the in costs of raw 
materials, fuel and —— Uneasiness is manifest 
in the high-speed steel t: at the increasing scarcity 
of vanadium. America has a monopoly of the output of 
this alloy, and cannot accept additional contracts until 
June next. The reason is that the American mines were 
overworked during the war, and engineering troubles 
have —- production. For some weeks the 
trade has m existing on hand-to-mouth supplies from 
Continental stocks, but these are apparently nearing 
exhaustion. Current deliveries of ferro-vanadium cannot 
be obtained at less than 44s. per pound. The price last 
August was 24s. 6d. During the war the alloy did not 
rise beyond 18s. per — A further advance of ll. per 
ton is reported in the price of steel billets. There is a 
ready sale for the best qualities of iron and steel scrap. 
Merchants are asking 9/. a ton for steel scrap, and 
7l. 15s, for turnings. 


South Yorkshire Coal Trade.—The improved output at 
the pits is not reflected in the condition of the market. 
‘General scarcity”’ sums up the situation. The home 
demand is much heavier than at any period since the 
armistice. Railway companies are putting pressure on 
collieries for increased supplies. In some cases railway 
companies are having to fall back on stocks. Increased 
allocations of best steams on home industrial account 
leave a very small margin for export. Cobbles, nuts, 
and slacks occupy a similarly strong position. Sub- 
stantial arrears still remain in the use-coal trade. 
Quotations :—Best branch hand-picked, 23s. to 24s. ; 
Barnsley best Silkstone, 23s. to 23s. 6d.; Derbyshire 
best brights, 21s. to 22s.; Derbyshire house coal, 
18s. 6d. to 198.; Derbyshire best large nuts, 18s. 6d. 
to 19s. 6d.; Derbyshire small nuts, 27s. 6d. to 28s. 6d. ; 
Yorkshire hards, 28s. 6d. to 298. 6d. ; Derbyshire hards, 
28s. 6d. to 29s. 6d.; best slacks, 24s. to 25s.; nutty, 
23s. to 24s.; smalls, 19s. to 20s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEsBRoUGH, Wednesday. 

The Cleveland Iron Trade.—aA rise in values of Cleve- 
land pig-iron was confidently looked for this week, but 
no advance has been made. Price, however, i8 not of 
great moment just now as there is very little iron available 
for sale, output being chiefly broken up by contracts 
already made. Demand on both home and foreign 
account is unabated, consumers continuing to clamour 
for supplies. Most of the iron now being exported is 
for Belgium, but the ultimate destination of some so 
a a is Holland. For home consumption, No. 1 
Cleveland pig-iron is 182s. 6d. and No. 3 and the lower 
grades are 175s.; and for shipment to France, Belgium 
and Italy, the former is 187s. 6d. and the latter are 
180s. For rt to other countries, the minimum 
quotation for Cleveland iron is 230s. 


Hematite.—East Coast hematite is practically un- 
purchaseable. Makers are well sold and t are not in 
the market to do business at present, decl that the 
cost of output does not permit of hematite being sold 
profitably at current rates. No. 1 is 222s. 6d. and 
mixed Nos. are 220s. for home use; and for export to 
France, Belgium and Italy, No. 1 is 232s. 6d. and mixed 
Nos. are 230s. 


Resumption of Trade with Germany.—There are a good 
few inquiries for iron for Germany, and portions of some 
ready despatched. 


sold to that country have 

of Cleveland Pig.iron, hematite and ferro- 
been made. 200 tons of pig-iron ially 
shi to Germany last week, however, was 
on to Switzerland. Of 2,000 tons of 
Coast hematite sold to Germany, 1,250 tons have 
er been despatched via Rotterdam. A further 
sale of hematite to Germany has been put through this 


supested 
to be f 


Foreign Ore.—Values of foreign ore are still moving 
thay thar ob a Rowe 9 hm ow 
be gauged at all. Already quite alarmingly hi 
Sheasien Sen outlets have been ors Siar the 
of 50 


quotation for per cent. quality is 50s. on 
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the 17s. parity, freights ee ee and as the 

latest fixture for that trip is 37s. 6d., = c.i.f. Tees 
rice of best rubio may now be put at 70s. 6d. To 

E eta of exe 80 far this manth 


is difficult to secure and im 
are considerably below those for the corresponding 
period in January. 

Coke.—Great firmness characterises coke. Supply is 
scarce, and indeed the —— is a unsatisfactory that 
there is a growing feeling in favour of restricting exports 
with a iow’ to ‘dealing more efficiently with pressing 
home needs. Foreign demand is heavy, but sales are 
not easily It is difficult to ascertain what 
some countries will pay, but, Lampe ol the export 
figure for both foundry and gas-house coke may be put 
at 120s. f.o.b. To home customers average blast-furnace 
description is fully 50s. 6d. at the ovens; and low 
phosphorus quality readily realises 53s. at the ovens. 

_‘ Manufactured Iron and Steel.—It is almost impossible 
to place orders for manufactured iron and steel, so fully 
occupied are producers. Buyers are very anxious to 
make contracts, the 20s. rise in steel having had no check 
upon them. Many purchasers, in fact, would not 
hesitate to pay even above the high rates ruling, for 
anything like early delivery. — prices are above 
the recognised market quotations for home trade, which 
are governed by the following :—Common iron bars, 
241.; marked bars, 26l.; steel ship, bridge and tank 

lates, 21/.; steel boiler plates, 241.; steel 

Ol. 10s.; steel joists, 20/. 10s.; steel strip, 271. 10s. ; 
steel hoops, 27/. 108. ; soft steel billets, 19/. 10s.; hard 
billets, 201. 10s. ; heavy sections of steel rails, 191. 15s. ; 
and fish plates and sleepers, 24/. 15s. 





NOTES FROM THE NORTH. 
Giaseow, Wednesday. 


State of Trade.—Great activity continues in the|i 


general trade of the West of Scotland and all the 
engineering and allied trades are exceptionally busy. 
Much difficulty is still being experienced in —— 
the necessary supplies of both raw and manufact 
material in order to keep plants running. Prices of 
everything continue to advance, and what the quotations 
of the morrow will be it is always difficult to forecast, 
but, nevertheless, prices matter less than deliveries, 
which are backward and cannot be relied upon. Speeding- 
up has taken place in a number of establishments, but 
the output over all is far from what it might be. Labour 
has been fairly settled so far this year, but in a number 
of trades there is again a demand for further increases 
in wages. In the shipbuilding and engineering trades 
there is to be an application put forward shortly for 
an advance of 15s. per week, and if that demand is 
acm there is no saying what the result may be. 
ages have already reached an unprecedented level, 
and still the end seems not yet. Certainly “the 
labourer is worthy of his hire,” ‘and every man wants to 
sell his labour in the best market, but if output does not 
increase considerably and production is not speeded-up 
there is a danger that the consequences may be serious. 


Scotch Steel Trade.—In the Scotch steel trade there 
has been little change over the week, and it is still the old 
story of the demand being much greater than the supply. 
No matter how much stuff is turned out it is as quickly 
absorbed as ever and still there are many kept crying 
for deliveries. Operations are being hindered owing to 
the shortage of material, and in this connection some of 
the Clyde shipbuilders are feeling the pinch. Plate 
mills are turning out a heavy tonnage, but even that falls 


far short of the requirements of the shipyards, in which and 


there is much activity. For boiler there is also 
a good outlet, and the consumption of sections has 
improved considerably. Makers of black sheets are 
kept working at high pressure in the endeavour to cope 


with the business already booked, and are rather averse 
to fixing up anything fresh in the meantime. Galvanised 
sheets, even at the 


resent high figure being asked, are 
finding a fairly good sale. The export trade 

small owing to the enormous home d, and the lots 
that are going through are at quite a substantial advance 
on home quotations. Prices over all are very firm and 
the recent advance has failed to check the demand. 


Malleable Iron Trade.—There is no falling-off in the 
demand for bar iron and all the makers in the west of 


Pp pressing 
fairly good, but are far from equal to requirements. 
Export inquiries are again on the increase, but there is 
i available for shipping abroad and lots going 
through are at very substantial prices. All quotations 
are firm and unchanged. 


Scotch Pig-Iron Trade.—A strong tone prevails in 
Scotch pig-iron trade, and makers are as busy 
can possibly be despite the very high prices 
The No, 1 grades of iron are, in most cases, all well 
forward, and fresh bookings are meanti not 
accepted. Prices for all makes of iron are very ’ 
and as all costs are rising, the outlook from the 
sumers’ point of view is rather serious. Export business 
is not in ing to any extent. Hematite iron is in 
heavy demand by steel-makers, who are through 
al per week. The price named No. 1 
foun iron for shipment is ro 121. 108, per ton. 


F 


I 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Markete.—Export business is 
at a standstill because of heavy allocations to | 
consumers. The local docks are crowded with vessels, 
and there is also in addition a good fleet of steamers in 


angles, | N 


Standards, Dr. 
Institute, 
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roads. The authorities are keeping a very tight 
hand on releases, and in several instances have been 
waiting in the docks a fortnight or more for cargoes for 
pba | countries i they are unable to obtain 
because of the refusal of the authorities to release coals. 


The Iron and Steel Trades.—Though there is a slight 
ing in the demand for tin plates, prices have not 
shown 


any quotable alteration as generally are 
done at 71s. $0'1fi. fo she basis ben, theougheseend Seema 
holders, 


J 


makers 
with orders. Though business has 
70s. has also been done. and spelter 
is firm and 24-in, bundles has 
ton, to 61. Tin and sheet bars 


increased another 1 
are firm at 29/1. to , with only odd lots available. 


Value of Second-Hand Steamers.—The phenomenal 
Trices for second-hand steamers is illustrated in the 
following recent wales. In ber last the Fort 


now resold her to the Vimy Shipping Company, Limited, 
Cardiff, for 31,000/., an increase of 8,0001., equal to about 
35 per cent. in less — oe he — 
Fairfield was purchased by Ambrose and Angel, Cardiff, 
for about 75,000/., in November last, and has now been 
resold to Morgan and Cadogan, Limited, Cardiff, for 
90,0001. Thus in four months this vessel of 1,380 tons 
deadweight has appreciated 15,000/. in value equal to 
about 20 per cent. 





Lloyd and 
from the establishment of a Committee of ‘ Lloyd's 
of Shipping” sitting in Paris, have caused a 


lively interest to be taken in the subject in other 
Continental countries. Sweden has been the first to 
follow the France in this respect, and a 
Swedish Committee of Lloyd’s Register has now been 
formed at the shipowning, 
writing and t of Swed 








8. M. Burka (Journal of the 
its out that by bathing 

in a solution of 25 ¢.c, 
ammonia 


January, 1920) 
i ic 
of sti 


ere, 3 (20 cent, 
and 7 Gf ote tor 6 mincnarts 48 "O° tohtowsd ep 


the sensitiveness to white 
increased 


releases, | at the Institution, — 


NOTICES OF MEETINGS. 


dey. res - er ory a 
i R ebruary , at 6 p.m., Gene’ ecti 
"s Gate, St. James's Parke 
8.W., the Annual oe the Council will be presented ; 
alterations of, additions to, by-laws; resumed 
discussion on “‘ Recent Advances in Utilisation of Water- 
ell by Mr. Eric M. Bergstrom, of London, Associate 





Tae Strarrornpsuire [Iron anp Sree. InstitvTs.— 
Saturday, February 21, at 6.45 p.m., seating at the 
Education Offices, St. James’ - Dudley. Paper on 

i Practice,” by Mr. T. W. Hand, of 
Sheffield ( with lantern slides). 


Tue Braprorp Enormeerme Socrery.—Monday, 
Neggt me 23, at 7.45 p.m., & Lecture will be given in 
the ° of the Technical College by Major 8. Utting, 


could | M.I.Mech.E., A.M.LE.E. (of London). Subject: ‘ In- 


duced Draught for Boiler Installat 
Reference to the ‘ Prat’ System.” 


Tae Royvat Sootery or Arrs.—Monday, February 23, 
Researc 


jons, with Special 


at 8 p.m.: Cantor Lecture, ‘‘ Recent hes in the 
Cellulose Industry,” by Mr. Charles Frederick Cross, 
B8c., F.RS., F.C.S. (Lecture II) Wednesday, 


Meeting, “‘ In 
Controller of the’ f the Ministry 

mtroller o taining Department of the Ministry 
of Labour; late Principal of the Gordon Memorial 
College, Khartoum. 


Tae Intummnatine Encrveerine Socrety.—Tuesday, 
February 24, at 8 p.m., Meeting at the House of the Royal 
Society of Arte, John-street, Adelphi, London. Dis- 
cussion on * Lighting Conditions in Mines, with 8 
Reference to the Eyesight of Miners,”” by Dr. T. Li 
Llewellyn. 

Tue Instirvorion or Crvi, ENorineers.—Tuesday, 
February 24, at 5.30 p.m. Papers to be submitted for 
discussion: ‘ Restoration of a Cyclone-Damaged 
Breakwater End in Madras Harbour,” and “Coastal 
Sand Travel near Madras Harbour,” by Sir Francis 
Joseph Edward Spring, K.C.I.E., M.A.I., M.Inst.C.E. 


THE AssociaTION OF ENGINEERING AND SHIPBUILDING 
DravucutTsMen.—Thursday, February 26, at 7.30 p.m., 
at en ee ‘heatre, Liverpool University, 
Professor E. W. Marchant, D.Sc., on ‘‘ Wireless Tele- 
graphy.” 

Tue InstiroTion or Execrrica, ENGInkERs.— 
Thursday, February 26, at 5 p.m. to 6.45 pm. and 
8.15 p.m. to 10 p.m., Joint Meeting with the Réntgen 
Society and the Electro-Therapeutic Section of the Royal 
Society of Medicine, at the Royal Society of Medicine, 
Wimpele-street, W. The following pers will be 
read: Mr. Reginald Morton, M.D., ‘ the Efficiency 
of High-Tension Transformers as Used for X-Ray 
— J Major C. E. 8. Phillips, O.B.E., ‘‘ The 

lem of Interrupted and Fluctuating Currents” ; 
Mr. R. 8. Wright, *‘ High-Tension Transformers.”’ 


Tue InstrTroTIoN OF MercHANIcAL ENGINEKRS.— 
Friday, February 27, Informal Meeting at 7 p.m. Dis- 
cussion on ‘*The Education of the Engineer,” to be 
opened by Mr. Frederick W. C, Dean, M.B.E., Member. 


Tae Wrretzss Socrmry . 
February 27, at 8 p.m., Meeting in the Lecture Hall of 
the Royal ae of Arts, w! the president, Mr. 
Alan A. Campbell Swinton, F.R.8., will deliver his 
ao Address, the subject being ‘‘Some Wireless 

onders.”’ 


THe Junior InstiruTion of Enotneers.—Friday, 
February 27, at 39, Victoria-street, 8.W. Lecturette, 
** Defects Found on Inspection of Boilers,”” by Mr. R. H. 
Kenyon, Member. 


Tae Roya Insrirvtion or Great 


. .m., @ discourse will .be 
delivered by Mr. W. B, Hardy, F.R.S. The subject is 
* Problems of Lubrication.” Afternoon Lectures, at 
3 p.m.: Tuesday, February 24, Professor Ernest Wiléon, 
M.Inst.C.E., M.LE.E., on ‘Magnetic Susceptibility ” 
Lecture Ii); Thursday, Fi 26, Mr. Arthur H. 

ith, M.A., F.8.A., on “‘ Ill of Ancient Greek 
and Roman Life in the British Museum” (Lecture II) ; 
Saturday, February 28, Sir J. J. Thomson, 


or Lonpon.—Friday 


Professor 
*10.M., LL.D., D.Se., Pres.R.8., M.R.L, on ‘ Positive 


Rays” (Lecture II). 





SranpaRp SrecivicatTions ror Rais anp TRAMWAY 


Engineering Standards Association three new 
standard specifications. No. 79-1919 is concerned with 
special track work for tramways, and deals with adopted 
for crossings, switc cross-overs, easement 

curves, &c. The gives several pages devoted 
to standard = So Bienes at illustrated 
are presented, 

showing standards adopted 


flat-bottom rails, ranging from 10 lb. 
20 lb. per yard, rising by 2!b. Specifica- 
\. 919 is concerned with light and heavy 
‘ype railway rails of seven standard sections, 
ween 14 Ib 70 lb, The price of each 
(le. 2d, post free), and they 
Crosby 





blishers, Mesers. 
Stationers’ Hall Court, E.C. 4. 
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DIESEL ENGINE CASTINGS. 


In many classes of modern engineering work, it 
has become general practice in design and con- 
struction, so far as steel is concerned, to take full 
advantage of metallurgical knowledge and of the 
varied and special qualities of material obtainable. 
The steelmaker realised that the demand for such 
products would be considerable, and succeeded 
generally in meeting the specifications of the 
designer, ‘which are expressed in terms of the 
physical properties required to meet considerations 
of working stresses in practice, coupled with a 
reasonable factor of safety. Two convincing 
examples are found in the materials for automobile 
and aero engines. Without special steels, the 
motor car would be a clumsy and inefficient machine, 
and the aero engine almost impossibly heavy. In 
the case of connecting rods, bottom end bolts 
and crankshafts of such engines, if larger scantlings 
were necessary, there would be involved for a 
given speed of revolution, increased loads due to 
inertia, &c., which might well result in increased 
stresses. Without high tensile materials present- 
day speeds of revolution would generally be quite 
beyond the range of satisfactory and continuous 
performance. 

The relation between composition, heat treatment, 
and physical properties of steels is not the subject 
of conjecture, or chance, but has been very com- 
pletely studied in almost all its phases. It is not 
so with cast-iron, which is equally important, 
since that material forms an essential portion of 
most engineering structures. A great amount of 
experimental and laboratory research has been 
carried out, but the results have not to any appreci- 


lable extent been applied to practical foundry 


working. The moving parts of machines are not 
generally made of cast iron, and in many cases, 
where this material of ample section is used, it 


258 | merely serves to give rigidity to the whole machine. 


On the other hand, with interna] combustion engines 
the conditions are analogous to those which appertain 


54 | to the running parts of high-speed engines, as the 


cast-iron parts are subject to a complexity of high 
stresses, owing to the heat of combustion trans- 
These 


255 | Stresses must be met, and cannot be obviated by 


increase of dimensions of sections. 
More attention is being given to this question, 
and a useful contribution has just been made by 


sg | Mr. F. J. Cook in his “Diesel Engine Castings,” 


reproduced on page 177 ante. Diesel engines being 
generally large internal-combustion engines, are & 
particularly apt subject for study in regard to 


259 | Suitable quality of cast-iron for the various part. 


For a number of the components of Diesel engines, 
generally made of cast-iron, various alternatives 
have been tried, cast steel and manganese bronze 
for cylinder heads, forged steel liners, cast steel 
piston crowns, being cases in point; but for com- 
mercial reasons cast-iron, which is the standard 


may steadily progress and that the recurrence of 
unsatisfactory experiences with Diesel engine cast- 
iron parts may be avoided, this subject must be 
studied by all concerned. Mr. Cook’s paper has 
been welcomed as a contribution of merit towards 


are|this end. The large number of factors which enter 


into any particular investigation of the failure of a 
cast-iron engine part make the collection of data 
a labour of some difficulty. Conclusions can only be 
most guardedly propounded. These factors com- 
prise design, method of moulding, temperature of 
casting and rate of the two last factors 
being largely dependent the one upon the other— 
composition, ent. of structure as revealed 
by microphotographs, and records available as to 
the treatment of the part subsequent to casting and 
as toactualuse. Mr. Cook lays stress upon the ratio 
in composition of the contents of total carbon and 
silicon. Graphitic carbon is only mentioned in pass- 
ing. A low phosphorus content is not consi 

so necessary when the silicon carbon ratio is within 
the limits specified. Some results from actual 
pistons taken from Diesel engines are given in proof 
of these theories. Without knowledge of the 
complete composition and of the most necessary 
information only to be obtained from micro- 
photographs, it is quite impossible to say whether 
the cause of failure in certain cases may not have 
been attributable to sources quite remote from a 
consideration of the carbon silicon ratio. Annealing 
to remove casting strains is recommended by 
Mr. Cook. The treatment favoured is to heat the 
unit in a special furnace to 600 deg. C., retain the 
heat for 3 hours and cool slowly over a period of 
48 hours. The results given by the author are not 
sufficiently conclusive to warrant any recommenda- 
tion, and it were better not to attempt any such 
treatment until the improvements to be made 
were amply proved, and even then the control of 
temperature must be carefully watched. A specifi- 
cation for suitable cast-iron for Diesel work is given, 
which does not differ greatly from an average good 
grade of grey cast-iron. The quality, however, 
will be much affected, according to the rate of cool- 
ing, influencing as it does the most vital question 
of the closeness of the mesh work of graphitic 
carbon, which again has an effect on the dis- 
tribution of the phosphides. A close graphitic 
structure of small flakes is in our opinion the most 
important quality for Diesel engine work, and too 
great stress cannot be laid upon essential. 

Much has been written lately concerning growth 
of cast-iron. Proof, however, is lacking that in 
service the castings of Diesel engines—excepting 
perhaps the centre of large uncooled piston crowns 
and exhaust valve faces and seats—are subject to 
such temperatures that the subject of growth is 
one of the more important considerations. The 
paper under discussion, only touches upon this 
aspect of the subject. Again, manganese or the 
ratio of manganese to silicon has a considerable 
influence upon the amount of growth at high tem- 
peratures, and it can be stated that high resistance 
to growth will mean a closeness of graphitic grain 
most desirable for Diesel engine work. Manganese, 
however, in Mr. Cook’s opinion, should only be 
present in very small quantities. We are confident 
that considerable improvements will be effected 
as indicated in the paper, by adding a percentage of 
the rarer elements, such as vanadium, chrome or 
nickel chrome, and the like, to cast-iron. Such 
inclusion will serve to improve the carbon structure 
by forming carbides. 

Much experimental work remains yet to be done, 
and it is to be hoped that when definite steps have 
been made in experimental. work, they, will be 
swiftly applied to foundry practice. Herein lies 
the crux of the matter. It is of no avail to make 
specifications if the knowledge of ways and means 
is not possessed by those responsible for foundry 
control, or if steps are not taken rigidly to enforce 
strict adherence to their terms. On the Continent 
scientific control of foundry mixtures and methods 
has enabled foundries rapidly to gain a very favour- 





able position in the world’s markets for castings, 
and as regards Diesel engine castings scientific 
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control of foundry methods and mixtures is an 


absolute essential if success is to be assured, and 
especially so in the case of engines developing large 
powers per cylinder. 


THE COMMONWEALTH RAILWAYS OF 
AUSTRALIA. 

Tux position of Commonwealth Railways Com- 
missioner does not appear to be a very comfortable 
one, from the report recently issued of the year’s 
working ending in June, 1919. It goes without 
saying that the railways are working at a loss, 
because some of them were badly in arrears when 
taken over from the State, and at the best the 
‘transcontinental line could not be e to pay 
for many years. Further, recent years have not been 
favourable since development of the country served 
has been deferred. The Commissioner now points 
out that though the line has been opened for several 
years, little has been done by the States served in 
the way of encouraging the development of con- 
tiguous lands. As regards the Trans-Australian 
railway the Western Australian Government has 
thrown open for selection the land adjacent to the 
line, up to the South Australian boundary. On the 
other hand, the South Australian Government seems 
to have been very tardy in taking similar action. 
Through traffic has been possible since 1917, while 
construction was started in 1912. For a distance of 
250 miles from Port Augusta, the eastern terminal, 
State lands have been leased, but for the remaining 
350 miles up to the Western Australian border 
nothing has done, although a large portion of 
this land is better than that actually taken up in 
Western Australia. The Commissioner pertinently 
suggests that such inaction would not have been 
brooked, had the line been constructed at the 
expense of the State instead of the Commonwealth. 





Although at one time there appeared to be a| P&@* 


possibility of the various States pulling together, 
and working with the Commonwealth for the good 
of all, there are indications in this report that the 
spirit of combination will stand a good deal of 
further development. For instance, one can 
imagine little more autocratic than the action of 
Western Australia at the time of the influenza 
epidemic which occurred during the year under 
review. The Government of this State, instead 
of providing the quarantine camps which its health 
officials considered necessary, commandeered the 
Commonwealth trains which entered the State, as 
they arrived, and treated them as quarantine 
stations, the arriving passengers being compelled to 
live in them until quarantine was raised. Trains 
valued at 176,000/. were thus diverted from their 
proper uses, and the train crews and other staff 
had to be maintained idle as a result. Very 
naturally, we think, this irresponsible action of the 
Western Australian Government resulted in the 
Commissioner suspending the transcontinental train 
service altogether for a time. It was only partly 
resumed after the Commonwealth had itself insti- 
tuted quarantine camps, as the State Government 
made no sign of doing so. The service was only 
completely resumed after five months. 

Better combination, too, appears to be desirable 
in connection with the through services. Before the 
institution of the through route from Perth to 
Adelaide certain trains ran from Perth to Kalgoorlie 
and from Adelaide to Terowie and Port Augusta, 
and vice versa, on timings which the States refused to 
alter. The result is that the Commonwealth service 
has to be made to fit these inconvenient timings. 
They involve a change for passengers at 4.30 a.m. 
at Port Augusta, and a wait of many hours at 
Kalgoorlie. 

Then there is the questivn'of break of gauge. 
Travelling from Adelaide to Perth there is first a 
length of 5-ft. 3-in. to Terowie, then 3-ft. 6-in. gauge 
to Port Augusta, then 4-ft. 8}-in. to Kalgoorlie, 
and then, again, a final length of 3-ft. 6-in. gauge to 
Perth. This journey is, therefore, full of discomfort 
to passengers, and transhipment at three points is 
involved in goods. The South Australian Govern- 
ment has taken steps to complete its line to Port 
Augusta to 65-ft. 3-in. gauge. This will cut out 
one and will make more convenient timings 
possible for the passenger service changing at Port 
Augusta. The Commissioner remarks that it would 
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have been preferable, had this railway been built 
4 ft. 84 in. Of course it would from the trans- 
continental point of view, but that is impossible 
without cutting off a large area feeding this line 
from direct connection with the rest of the State, 
as many of the branches are 5 ft. 3 in. The gauge 
question is, in fact, no nearer solution, and the 
Board which sat to consider devices intended to 
overcome the difficulties of break of gauge has not 
been able to report favourably on any of the 126 
ideas advanced. 

The Oodnadatta Railway, which runs north from 
Port Augusta, was taken over some years ago by 
the Commonwealth from South Australia, but is 
worked by the latter on behalf of the Commonwealth. 
It is worked at a loss. It was intended to form part 
of the never completed North-South transcontinental 
line. When taking it over the Commonwealth 
saddled itself with an agreement to continue to give 
facilities for passenger and goods traffic equal to 
those then in force, and at the same rates. This 
has had the effect of preventing any increase of 
rates on'this line, although the South Australian rail- 
way rates have in the interim been increased. The 
Commonwealth Commissioner is naturally anxious 
to see @ corresponding increase on his own line, and 
also asks for powers to reduce the service if trade 
slackens, or for other cause. The question of the 
completion of the North-South railway is still 
under consideration. Two routes are now in 
question. One runs practically direct north and 
south, while the other, by an eastward sweep could 
be connected up with the Queensland and New 
South Wales systems. The latter is only 80 miles 
or so longer than the former, which is not much on 
the total distance approaching 2,000 miles. The 
Commissioner puts forward what seem quite good 
reasons for supporting the longer route. It would 
through better country in South Australia, 
would run through excellent country in Queensland, 
and in the Northern Territory ; would put,Adelaide, 
Melbourne and Sydney into touch with excellent 
stock lands ; would expedite the mails between the 
Northern Territory and New South Wales, &c. ; 
would run through artesian country, and so on. 
These are all reasons worth serious consideration. 
It would, however, cut out the last 250 miles or 
so of the present Oodnadatta line, and would also run 
comparatively near lines projected in Queensland, 
so that there is something to be said on both sides. 

The Northern Territory railway continues to run 
at a loss, and the cattle industry, which at one time 
promised satisfactory development, seems to be 
almost at a standstill and far below expectations. 
Other causes have led to a very unsatisfactory 
situation in general in the Northern Territory, which 
seems to be little if any better off under Common- 
wealth management than it was formerly. The 
Commonwealth further owns a line serving the 
Federal territory carved out of New South Wales. 
This is managed by and in conjunction with the 
New South Wales Railways. 

The industrial situation was not altogether 
satisfactory during the year, though there was only 
one actual stoppage of work. The employees seem 
to think that they suffer disabilities in the Common- 
wealth service compared with the State services as 
there is not the same chance of getting transferred 
to good stations. However, the Commonwealth 
appears to be doing everything it can to increase 
the amenities of life on its system, in providing 
dwellings, institutes, departmental stores, and so on. 
A welfare officer is at work whose duties are to 
improve the medical arrangements, the food supplies, 
the management of boarding houses, the schooling 
arrangements of the children, and generally to place 
the life of the employees and their families on a 
higher level. An industrial officer is also proposed 
who should be in a position to deal with matters 
arising out of awards, &c., and who would be able 
to keep in touch with movements in the States and 
pave the Commonwealth system up to the same 

Summarising the financial results the railways 
show a deficit of 141,1901., excess of working expenses 
over revenue, and not therefore taking into account 
interest charges. As, however, we have already 
pointed out, the railways were not instituted and 
taken over as commercial concerns, not very much 





criticism can be levelled against this. With greater 
co-operation on the part of the States served some 
of this might disappear in the future. For the 
moment it must be admitted it shows an unpleasant 
tendency to expand. 





GAS ADSORPTION BY CHARCOAL. 

THOUGH a good deal has been written on the use 
of charcoal for the adsorption of gases, it is not 
clear why different samples of charcoal made from 
the same material—generally coconut shell—differ 
so widely in their adsorptive power as they often do. 
Recent researches conducted at the 
Physical Laboratory, by Harvey B. Lemon and 
Kathryn Blodgett (Physical Review, October and 
November, 1919), tend to confirm the opinion, 
however, that much depends upon a judicious heat 
treatment, as in the case of alloys, though the real 
nature of the changes produced in the charcoal by 
such treatment is not understood. In the experi- 
ments mentioned a number of tubular bulbs, partly 
charged with the charcoal (25-7 grams, ¢g., ina 
series of experiments), are joined to the same 
apparatus in such a way that a measured gas charge 
can be admitted into any of the bulbs and be ex- 
pelled again subsequently under different conditions 
of pressure and temperature. The amount of gas 
admitted may either be sufficient to effect saturation 
of the charcoal, or be too small for that purpose ; 
for comparative measurements the latter method 
isemployed. Each charcoal bulb is provided with a 
small Geissler tube for the study of the electric 
discharge. In the first instance all the bulbs are 
together evacuated or “‘ outgassed”” by the heat of 
an electric furnace, the connections with the Gaede 
(or other pump) being left open. When the McLeod 
gauge no longer indicates any gas pressure, the pump 
is cut off, the bulb in question is cooled in liquid air, 
and a measured volume of dry air is admitted. The 
adsorption, which is controlled by pressure observa- 
tions, may be very slow, taking 5 hours. Then 
follows the “ outgassing’ of the charcoal, the 
liberation of the gas observed, and it is this 
secondary outgassing at different temperatures 
which is observed rather than the adsorption itself. 

As regards the method of carbonisation of the 
charcoal no information is given except that the 
temperature used and the period of heating are 
stated. Generally, we believe, the material is 
reduced to smal] pellets, which are heated in a 
crucible while covered with some loose refractory 
material. In the first series of experiments three 
samples of the same material were carbonised at 
temperatures of 900 deg., 850 deg. and 800 deg. C., 
respectively, and then outgassed at 425 deg. The 
gas pressure of 90 cm. initially was reduced, in 
10 minutes, to 20 cm., 0-071 cm. and 0-003 cm., 
and similar results, showing wide discrepancies in 
the adsorptive capacity, were obtained in other 
experiments. In a second series carbonisation was 
at 850 deg., outgassing at 600 deg. for 44 hours, 
and the same sample was submitted to 10 runs, i.e., 
cooling in liquid air, adsorption and outgassing at 
600 deg. ; these consecutive treatments improved 
the sample, or activated it, giving it finally quite 
the efficiency of the sample that had been car- 
bonised at the lower temperature of 800 deg. In 
another case, again, 10 and 12 outgassings at 
600 deg. similarly improved the sample carbonised 
at 875 deg. On the other hand, heating of any 
sample to 1,200 deg. spoiled it completely, and some 
curious, though scarcely surprising, observations 
were made in this connection. The bulbs containing 
the charcoal were made of pyrex glass, quartz or 
iron. For the 1,200 deg. test, which was applied 
after the nineteenth run, a quartz bulb was used, 
and the quartz, though apparently unchanged while 
hot and cherry-red, turned opaque and brown as it 
cooled, and proved finally brittle like an eggshell, 
though it did not leak. The experimenters had not 
assumed that the quartz would not bear a tempera- 
ture of 1,200 deg. in the presence of carbon. In 
further experiments the outgassing temperature was 
raised to 800deg. and higher ; the charcoal distinctly 
deteriorated, and it Jost almost all its adsorptive 
power by outgassing at 900 deg. ; yet the efficiency 
could be. restored by subsequent outgassings at 
lower temperatures. But exposure to temperatures 
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of of 1,200 deg. (in iron bulbs) ‘spoiled the charcoal 


hopelessly. 

The best results were obtained by carbonising 
the material at 670 deg., and alternately adsorbing 
0-00469 gramme of air per gramme of charcoal at 
— 188 deg. and outgassing for 4} hours at 600 deg. 

As regards the nature of the adsorption various 
suggestions have been made. The amorphous 
carbon may be the adsorbent, and the charcoal may 
lose its activity when transformed into crystalline 
graphite. Some investigators believe that the 
charcoal contains heavy hydrocarbons clogging its 
pores, and that these hydrocarbons are gradually 
removed by the repeated outgassings. Lemon and 
H. C. Thompson regard the active charcoal as if it 
were & saturated solution of carbon in an essentially 
liquefied gas, and suggest that in their repeated 
adsorptions and liberations of gas the dissolved and 
reprecipitated particles become finer and finer. 
They boiled charcoal with mixtures of ligroin, 
acetone and alcohol in a reflux condenser for hours, 
thus extracting some of the constituents of the 
charcoal. The so-treated charcoal was found to be 
a poorer adsorbent than it had been, but it improved 
on repeated outgassings. Extraction of mineral 
ash from the charcoal by hydrochloric acid is not 
advisable, as the traces of acid remaining in the 
charcoal are very difficult to remove. 

The further studies of Lemon and Blodgett con- 
cerning the selective adsorption of gases by charcoal 
have not gone far. In general, it has been said, the 
more easily-condensed gases are more abundantly 
adsorbed by charcoal and more persistently retained 
than less-condensable gases. But hydrogen is far 
more readily adsorbed than one would expect from 
its very low boiling-point. For mixtures of oxygen 
and nitrogen the rule seems to hold, however. 
Sir James Dewar briefly referred to the preferential 
adsorption of oxygen from air in his Royal Institu- 
tion discourse of last January* ; that this adsorption 
might technically be utilised for the oxygen extrac- 
tion from the atmosphere he had proposed years ago. 
The particular object of Lemon and Blodgett was to 
ascertain whether the adsorption increased con- 
tinuously from that for pure nitrogen to that for 
pure oxygen as the oxygen percentage in the mixture 
was continuously increased. Their oxygen and 
nitrogen were chemically prepared and very care- 
fully purified, and they studied the adsorption both 
of the single gases and of their mixtures. They 
found that the rates of adsorptions varied as they 
expected, but according to an exponential rather 
than to a linear law, and they are not inclined to 
agree with F. Bergter’s suggestion of 1912 that the 
ability of charcoal for adsorbing nitrogen is increased 
by the presence of oxygen. They did not work 
under the same conditions as Bergter, however, and 
did not express any definite opinion, therefore ; but 
they observed that the adsorption of a mixture of the 
two gases was inferior to the sum of the adsorptions 
of the two components, and they hence assume 
that each gas hinders the adsorption of the other. 
One further observation is of interest. When the 
charcoal was first exposed to oxygen and then to 
nitrogen, the total adsorption was more complete 
than when the charcoal was exposed to the same 
amount of a mixture of the two gases in equal 
proportions, all at one time. 





RECENT PATENTS ON MIXED FUELS. 
During the year 1919 the United States alone 
are credited with having produced 1,900,000 road- 
motor vehicles driven by liquid-fuel engines; the 
total production of the world was hardly less than 
2,500,000. Allowing each vehicle an average fuel 
supply of 400 gallons per annum, some 15,000,000 
tons of crude oil were probably wanted for road- 
motor propulsion. The total production of crude-oil 
had risen from 50,000,000 tons in 1912 to 75,000,000 
tons in 1919, and now represents in weight more 
than one quarter of the British coal production. 
The claims of agriculture are nowhere disregarded 
at present, and the farmers’ demand for motor 
See How is the demand to be 
The problem is by no means new ; the general 
public is interested, and progress has been made. 


The prejudice against alcohol ‘and other petrol 


we: has been overcome; power alcohol 
enjoys official patronage. But owing to its low 
thermal value and its low vai — pressure alcohol 
is not an ideal automobile fuel, and as long as 
the volatile hydrocarbons known as petrol were 
readily available there was little necessity in this 
country to encourage the use of either alcohol 
alone or of mixtures of alcohol with other material. 
Yet to judge by the patent office records alcohol 
in some form or other is universally assumed to 
be a constituent of the motor fuel of the future. 
In his paper on “ Recent Patents on Mixed Fuels,” 
read before the Institution of Petroleum Techno- 
logists last Tuesday, February 17, Dr. W. R. 
Ormandy restricted himself to British patents for 
two reasons, because the field was sufficiently 
wide, and because he wished to do something 
towards preventing the Patent Office from further 
granting patents on the admixture of every con- 
ceivable burnable organic liquid which might pos- 
sibly be used as a motor fuel, patents which would 
form the seeds for future patent litigation. 

The new patent regulations require the opponents 
of a patent to point to some publication or some 
technical paper or document, and Dr. Ormandy had 
prepared his paper with the object of supplying 
such a document. He quoted the patents by 
numbers, not by names. The meeting certainly 
agreed with him that much of the patent literature 
since 1913—time had not allowed Dr. Ormandy 
to extend the present search further back—is barren 
and some positively puerile. Many of the proposals 
he mentioned read like recipes from cookery books ; 
others, like the addition of amyl acetate (of fruity 
smell) to petrol, look like attempts at evading the 
petrol tax. Although it was known by 1870 that 
ordinary, t.e., ethyl, alcohol, will mix with paraffin 
hydrocarbons, provided water be absent, and that 


the vapours will burn in engines, the mixing of| © 


anhydrous alcohol and petrol was patented in 
1913. Other ‘inventors got over the water difficulty 
by stipulating that the alcoholic mixture, prepared 
by the fermentation of peat with kerosene, should 
contain fusel oil (amyl alcohol), or they recom- 
mended the addition of various combining agents. 
To raise the vapour pressure of ethyl alcohol, 
ether was added. In the Natalite,* which is used 
extensively in South Africa, India, Australia, Papua, 
and in other sugar-growing countries, alcohol 
and ether are mixed in about equal proportions, 
and half per cent. of ammonia or of trimethyl- 
amine (from the sugar) are further added to mitigate 
corrosion. 

As regards the admixture of gases, Dr. Ormandy 
could quote some wild suggestions—hydrogenera- 
tions of already saturated hydrocarbons with 
acetylene by bubbling or by compressing the acety- 
lene at 12 atmospheres, &c. That anextraordinarily 
wide range of chemicals can, if necessary, be used in 
internal combustion engines Dr. Ormandy had 
recently again learnt in Berlin, where special winter 
and summer fuels had to be introduced during the 
war. The difficulty is to find the raw material for 
alcohol. Cellulose is not easily converted into sugar 
and alcohol, and sugar is too valuable; but the 
Ford works are said to have been successful quite 
recently with sawdust and straw. Yet Dr. Ormandy 
was amply justified in lodging a protest against 
the further issue of patents on mixtures of petrol 
with benzol, alcohols, ether, acetone, &c., mixtures 
tried over and over again with the aid of carburettors 
and preheaters, and against interfering with the 
legitimate development of a big industry. 





NOTES. 

FortTuoomine AGRICULTURAL TRACTOR TRIALS. 

Builders of agricultural tractors and motor 
ploughs will probably be relieved by the decision 
of the Royal Agricultural Society and the Society 
of Motor Manufacturers and Traders to hold a joint 
series of trials this year. It was always the intention 
of the Motor Manufacturers and Traders to make 
their tractor trials an annual affair, and the successful 
meeting of September last at Lincoln would in due 
course have been followed by a meeting this year. 
At the same time, however, the Royal Agricultural 





* See Excnruzeme, January 23, pages 122 and 123. 
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Society trials were due for next autumn. These 
eiroumstances would in the ordinary course have led 
to two sets of trials with consequent considerable 
extra expense and trouble to many manufacturers, 
and the possibility that neither set of trials would be 
fully representative. The decision to merge the 
two events into one is cause for satisfaction, and a 
very successful meeting may now be anticipated. 
The joint trials will be held in ber and 
October next, but the site has not yet been deter- 
mined. The trials will be competitive in accordance 
with the practice of the Royal Agricultural Society, 
and prizes and medals will be given in the various 
classes, The trials will cover both self-propelled 
and wire-rope haulage ploughing and, in addition, 
cultivating, hill climbing and road haulage tests. 


Tae Mancusster Sure Cana. 


The report of the directors of the Manchester 
Ship Canal for the year ending December 31, 1919, 
shows an improvement both in tonnage and receipts 
over the previous year. The total traffic making 
use of the canal amounted to 3,589,043 tons, com- 
pared with 3,497,995 tons in 1918. The record year 
as regards tonnage was 1913, when the 
showed traffic amounting to 5,780,161 tons. The 
present tonnage is therefore still down by a con- 
siderable amount. The total receipts are, however, 
the highest yet reached, and amounted last year to 
1,023,3611., being the first time the 1,000,000 mark 
had been passed. Although tonnage reached a 
maximum in 1913, the receipts have shown a steady 
improvement ever since 1908. If the exceptional 
year of 1907 be excluded, a steady progress is 
marked in receipts ever since 1894. After 
10,0007. for contingencies and repairs there is a 
net balance for the year of 320,1001., which the 
directors propose should be distributed with the 
exception of 18,568]. to be carried forward. No 
were made in canal rates and charges during 
the year. Increased expenditure is recorded in all 
departments as a result of increased wages, shorter 
hours and higher prices of materials. The general 
work of repairs and renewals, although picking up 
by -degrees, is still somewhat behindhand, owing 
to the reduction in hours, and scarcity of materials. 
The capital expenditure for the year was 83,0177. 
offset, however, by sales of land, &c., to the amount 
of 69,1361., making the net outlay 13,8811. The 
extension of the company’s warehouses at Trafford 
Wharf is said to be well advanced. Contracts have 
also been let for work at Stanlow, near Ellesmere 
Port, including a new dock, and subway under the 
ship canal. 

LANCASHIRE ENGINEERING SocrETtEs, 


The amount of engineering manufacture which 
is carried on in London is very considerable, and is 
more perhaps than is always realised in some of the 
more definite engineering centres of the provinces. 
None the less, London is not in any broad sense an 
engineers’ town, and the great engineering institu- 
tions suffer in some ways from the fact that their 
headquarters are necessarily situated there. .A 
discussion in the London house of one of the great 
engineering societies is apt to be looked upon as a 
full-dress debate and to be left in the hands of 
more prominent members of the profession. With 
a view to encouraging contribution by younger 
or less prominent engineers both the Electrical 
and Mechanical Engineers have recently in- 
augurated informal meetings as additions to their 
programmes. A distinction between the London 
and the provincial societies is indicated by this 
movement, and we think any similar arrangement 
would be much less necessary in, say, Manchester 
or Liverpool. In addition to the somewhat more 
free atmosphere of a provincial meeting with 
consequent encouragement of more general dis- 
cussion, the provincial societies have a valuable 
sphere in giving attention to questions particularly 
affecting the district for which they stand. Thus, 
as might be expected, the proceedings of the 
Liverpool Engineering Society will be found to 
contain much material relating to marine practice, 
while those of the Manchester Association ‘of 

deal to a considerable extent with 
problems of manufacture. That both these Insti- 
tutions are in a state of very healthy life was 
indicated by the success of their annual dinners, 
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The balance sheets of a large number of technical 
societies throughout the United Kingdom have for 
some time past shown a balance on the wrong side, 
the reason for this being the increased expenditure 


find that the only way to meet the situation is to 
increase the amount of subscription paid annually. 
by the members, a very rational means, in fact the 
only means, since the members’ subscriptions form 
practically the societies’ only source of revenue. 
But in the case of some associations it happens, 
owing to the Charter or articles controlling the 
action of the societies, that before this comes into 
operation and yields its full effect, one whole year 
must elapse. In the meantime, the members are, 
in the case of some societies in which these condi- 
tions exist, invited to increase voluntarily their 
subscriptions for the current year. This move is 
greatly to be commended, and it is hoped that it will 
be generously responded to. It is hoped, also, that 
when the resolutions of the councils to increase the 
members’ subscriptions come forward at the forth- 
coming meetings of the different technical societies, 
these resolutions will be passed by large majorities. 
In no instance, we believe, is the situation in any 
way @ bad one; the question at issue is the free 
progress in the future, as in the past, of our technical 
societies, and these in their different spheres have 
done so much excellent work to promote the develop- 
ment of science, knowledge and friendly intercourse 
between members that they deserve all the support 
the members are able to give them. A delicate item 
in this connection, however, is the following. ] Many 


who belong to the Continental allied nations, and 
owing to the unfavourable rate of exchange now 
ruling, and likely to continue for some time to come, 
members have practically to pay 2I. for 
1k they remit to this country. The whole 
ter is one which is, as it were, sub judice with 
councils of the various societies, and we do not 
desirous of influencing any general 
; but it certainly seems that the point 
raised deserves full and generous considera- 
Indeed, the councils have no doubt fore- 
in consi in that light the case of 
members we refer to. British members 
no doubt also have borne this point in mind 
voluntarily increasing their subscription for 
current year. 
Enauisn CaNats. 

It is quite true, as Mr. S. Preston remarked in 
his paper on “English Canals and Inland Water- 
ways,” read before the Royal Society of Arts on 
Wednesday last, that it is extremely difficult to 
find anything to say on the subject that has not 


AERPTRLEEIT 
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. | the loss of some hair. 


wharves in our inland towns is an extremely 
attractive one, but with such small cross-country 
journeys to the ports, and such an extensive coast 
line, to say nothing of unfavourable physical 
features inland, the problem of salving our canals 
cannot be compared with such questions in France 
or other countries. The difficulties of arriving at 
workable propositions is evidenced by the amount of 
abortive work put in on these questions by many 
committees and commissions of the past. All these 
efforts have resulted in nothing. To-day the 
position is complicated by the Ministry of Transport 
Act. Although this would seem superficially to 
simplify things it rather adds to their complexity. 
For instance, as Mr. Neville Chamberlain remarked 
at Wednesday's meeting, although the Minister of 
Transport would control the canals for two years 
there was the vital question of ultimate ownership 
to be decided before much could be spent on 
renovation. And, if the Minister decided on 
larger improvements, who was to be allowed to 
benefit from them ? Was it to be only asmall body 
of manufacturers near to the canals ? It is essential 
for action to be taken at all that the Government 
policy should be announced as early as possible. 
With this we quite agree, and it will be well for 
many things if it proves ultimately that the pro- 
gramme is to be a restricted one. There are possibly 
some waterways which might be made to pay, but 
with the present and future financial burdens 
coupled with the greatly increased operating 
expenses and delays in working, due to the 48-hours’ 
week and no night working on the boats, the sooner 
most of our canals are definitely abandoned and 
other forms of transport developed to take their 
place in the nation’s internal economy, the better 
it will be for the taxpayers, who form so large a 
part of the community. 


Tue Reema TuRBINE DISASTER. 


Information has now come to hand which enables 
us to give certain interesting particulars concerning 
the wreck of the 5,000 kw. Curtis steam turbine 
in the municipal power station of the City of Regina, 
in Canada. The machine, which was only put into 
service last autumn, had a normal speed of 3,600 
r.p.m., and was direct-coupled to a three-phase, 
60-cycle alternator. The turbine was of the five- 
stage type, the first stage being velocity com- 
pounded, and the rest being single-impulse stages, 
thus following the usual modern Curtis practice. 
The mean diameters of the wheels measured at the 
centre of the blades, were, we are informed, 36 in., 
50 in., 50-5 in., 51 in. and 52 in. respectively, 
the mean blade speeds thus ranging from 565 ft. per 
second on the first wheel to 816 ft. per second on the 
last wheel. The turbine was guaranteed to have a 
full load consumption not exceeding 13-68 Ib. of 
steam per kilowatt-hour, when operating with 
steam at 200 lb. gauge pressure superheated 100 
deg. F. and exhausting against an absolute condenser 
pressure equal to 2 in. of mercury. The designed 
efficiency ratio was therefore 69-2 percent. It is 
believed that the disaster was caused by the bursting 
of one of the turbine wheels, but the whole machine 
is so utterly destroyed that the true cause may never 
be definitely ascertained. Nothing was left of the 
turbine beyond debris scattered around the engine- 
room, except that the valve chest remained attached 
to the steam pipe which was, forced very con- 
siderably away from its original position. The 
machine burst at 7 a.m. on January 8, and could 
only have been carrying a light load at the time. 
In fact, it is doubtful whether it had ever been 
called on to work at its rated capacity, for the 
winter peak of the station is only about 4,000 kw. 
One of the engineers was standing at the steam end 
of the machine when the burst occurred, and he had 
the almost incredible good fortune to escape with 
little more than a scratch on the nose and 
Similar good luck attended 
the other units in the power-house, as the broken 
turbine shaft with the remains of its wheels flew 
through the air and landed 20 ft. away between 
two Willans turbines, neither of which received 
injury worth mentioning. The General Electric 
Company of America, in consequence of several 
serious mishaps in connection with steam turbines, 
are stated to have dismantled and rebuilt this 





particular machine before delivery in order to 
eliminate any possible source of weakness, but 
unfortunately the precaution proved in vain. 
The sympathy of all central station engineers will 
be extended to Mr. E. W. Bull, the engineer and 
manager of the Regina Station, at the calamity 
which has befallen his power-house, the high 
efficiency of which has previously been the subject 
of comment in our columns. 


OvzrsEas Tourrine Exursrrion. 


There is without doubt no time like the present 
for trade opportunities abroad, if our firms will 
only stretch out their hands and lay hold op them. 
If we concentrate too much on home requirements 
and on temporary foreign markets we run the risk of 
ultimately finding, when we turn to them, possible 
permanent markets abroad already occupied by 
others. It is to be hoped therefore that support 
will be given by our manufacturers to the proposed 
overseas touring exhibitions which are being 
organised as a development of the British Industries 
Fairs, which have proved so successful, and which 
have undergone such striking development in the 
few years of their existence. Four tours are at 
present proposed, the first to the Dominions ; 
then one to South America, one to the Far East, 
and one to the United States of America. The 
arrangements for the first appear to be well advanced, 
the date for leaving England being fixed for the 
early part of June. This tour will include South 
Africa, the Australasian Colonies, British Columbia, 
Canada, &c. It is expected that two years will be 
occupied by the tour. Facilities will be of a kind 
suitable for the exhibition of a large variety of 
goods, including, among those of particular interest 
to our readers, cutlery, scientific instruments, optical 
goods, tools (hand), implements (agricultural, &c.), 
and so on. The exhibition should prove self- 
supporting on the basis of 500 exhibitors each taking 
up a 10-ft. frontage at a charge of 2001. Half units, 
or 5-ft. frontages, will also be available. It may 
be pointed out that this is an exceedingly small 
cost to a manufacturer for the opportunity of 
displaying his goods for altogether about 224 show 
days in 16 centres as far apart, for instance, as 
Johannesburg, Melbourne, Vancouver, Halifax, &c., 
to mention only a few of the arranged exhibitions. 
Firms will be able to send representatives, though 
this will have to be arranged for by them. It is 
suggested that several firms might co-operate in 
this matter, to the extent of having joint representa- 
tives, and even joint exhibits. Further information 
may be obtained from the Secretary, Dominions 
Touring Exhibition, Department of Overseas Trade, 
Exhibitions Division, 2, Queen Anmne’s Gate 
Buildings, 8.W. 1. Applications for space must be 
sent in before March 31. It is to be hoped that our 
manufacturers will cordially support this venture, 
which may result in reviving a good deal of our trade 
abroad. The only weak point in the scheme 
appears to be in the fact that goods suitable for, 
say, the Durban market will not necessarily do for 
Halifax, and vice versa. Instead of all the exhibits 
therefore being of interest to people at the points 
visited, the cases will have to contain a variety only 
part of which may be of interest at any particular 
centre. However, this does not apply to all goods. 
and even in the least favourable cases the results 
may well prove of considerable future value. 


Durgasitity or AEROPLANES. 


In many respects the design of aeroplanes for 
commercial use differs materially from that of the 
war machines in which our designers have gained 
most of their experience. For the former, the 
question of durability is one of considerable import- 
ance, whereas, in the latter, it received little or no 
attention for the simple reason that the life of a 
machine under service conditions was usually 
determined by other conditions than structural 
durability. The advent of a new and improved 
design, in many cases, rendered existing machines 
obsolete almost as soon as they were constructed, 
and in any case the conditions under which the 
machines were employed were such that they were 
rarely worn out with use. In co ial service, 
on the other hand; the rate of deterioration of the 





machines is of the utmost importance, so much so 
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that the success or failure of a scheme may easily 
turn on the question of depreciation. At present but 
little information as to the life of aeroplanes under 
commercial conditions is available, but apart from 
the engine, there is no very obvious reason why 
the life of an aeroplane should not be made at least 
equal to that of a motorcar. All-metal construction, 
suitably protected against corrosion, and a more 
durable covering material for the wings, tail plane, 
elevators, &c., appear to be the main desiderata, 
but in addition to these there are a number of 
minor points in design which have, in the aggregate, 
a considerable effect upon durability. Some of 
these are touched upon in an interesting paper read 
before the Royal Aeronautical Society on Wednesday 
last by Major Percy Bishop, who points out that 
machines deteriorate more rapidly on the ground 
than in the air. Much of the deterioration is, of 
course, due to atmospheric conditions, especially in 
the case of seaplanes. To ameliorate it attention 
must be given to the selection of suitable materials 
and to their protection, as far as possible, from direct 
contact with the air. Drainage arrangements and 
the general avoidance of pockets where moisture 
can collect must also be considered in the design. 
A point to which Major Bishop calls particular 
attention, however, is the damage caused by bad 
handling on the ground, and climbing about the 
machine in the sheds in connection with the work 
of filling the tanks and overhauling the parts. For 
this purpose he rightly states that the uses made 
of some of the structural members render the 
designer’s stress calculations of little value. Axles, 
radius rods, exhaust pipes and struts are frequently 
used as working platforms, and bracing wires, 
fairings and similar parts are called upon to act the 
part of banisters. Much of the damage caused in 
this way could be avoided by the inclusion of suitable 
treads and hand holds in the design of the machine, 
not only for the use of persons entering the cabin 
or cockpit, but also giving convenient access to the 
parts which need to be examined and adjusted in the 
sheds. In connection with the filling of the tanks, 
Major Bishop makes a strong plea for the provision 
of larger and more easily accessible filling apertures 
in order to reduce the time required for this opera- 
tion, and also to diminish the risk of damage to the 
machine. He also points out that, as machines are 
usually handled on the ground by unskilled persons, 
it is necessary to give precise directions for the 
various operations, or, better still, to provide 
handles in suitable position. Such handles, if 
properly incorporated in the original design of the 
machine, need add little, or nothing, to its weight 
or air resistance, but they would certainly tend to 
prevent damage by the careless handling of covered 
parts. Forethought in the directions indicated 
above appears likely to be well repaid by the 
resulting reduction in the present high rate of 
depreciation, of which so much is made by the 
opponents of civil aviation. 





NOTES ON NEW BOOKS. 

Last week in a leading article we reviewed the 
question of payment by results, on which one of our 
leading trades unions is about to vote. The matter is 
of vital importance to the nation at the present time. 
We are = of us agreed that only increased 
production in the forthcoming months can we hope to 
turn the corner and get well started again on financially 
sound lines. The difficulty is to get the workers’ 
unions to look at things in a similar light. Most of 
these seem to feel that after the recent strenuous years 
an easier time is due to them. While admitting that 
we would like to see it we are convinced that for the 


moment it is of the greatest importance that efforts | of 


should not slacken off while the future is so uncertain. 
One would think that payment by results would be 


welcomed generally, and we believe it would be if the| ' 


individual workers were free agents. As matters 
stand the unions have to be convinced that the method 
is advantageous, and this is a matter of difficulty 
because these bodies have often worked on the basis of 
reducing the good man’s effort to that of the poor 
worker, on the plea of protecting the latter. A good 
many books on bonus and premium systems of pay- 
ment have been written, and it is doubtful if t 

is much new to be said on it. We certainly cannot 
find much that is novel in a book recently written by 
Mr. J. E. Prosser, entitled “‘ Piece-Rate, Premium and 


























































described in it. Attention is drawn to the attractive 
features of the several systems commonly applied, 
and we admit that yal wupoy: situation may be a 
fair excuse for adding to this class of literature. 


Captain Julien, a French expert in the use of 
machi in every branch of agriculture, on com- 
pleting his military service with the French Army, has 
written a booklet, the object of which is to demonstrate 
the value of mechanical appliances not only to land- 
owners in a large way of business, but also to farmers 
whose holdings are comparatively limited, and colonists. 





Mécanique,” is published at the price of 4 francs by 


It reviews cultivation from the first breaking of the 
ground and deals with ploughing on the various systems 
and with the final preparation of the soil. The work 
of the plough is criticised, and in this connection, the 
statement made many years ago by an eminent French 
agriculturist, Mathieu de Dombasle, is cited, to the effect 
that “the most perfect ploughing is that which is 
done by a spade.” Hence the ideal ploughing 
machine would be that which would carry out spade 
work on a large scale. The author shows the diagram 
of a machine from which it is claimed such a result 
is obtained. It consists of a drum provided with a 
series of hook-shaped prongs or tines, hauled and caused 
to revolve at the same time by a tractor, the tines 
by digging into the earth producing in the rear of the 
machine a thick layer of light, aerated soil. A machine 
of this t which, alone, does the work both of a 
lough A of a hoe in one gperation, is built by the 
iété d’Outillage Mécanique et d’Usinage d'Artillerie, 
St. Ouen, near Paris. The booklet is written as a guide 
for practical agriculturists. The author asks the 
French soldiers of every rank who left the land for the 
army, to return back to the land and there they will 
ascertain that agricultural engineering is able to prove 
most helpful from every point of view. 





Technical reviews and journals in the Italian 
language afford a proof—if a proof were needed— 
of the prominent position occupied by the engineers, 
electricians, architects and naval constructors of Italy. 
Much is done also in Italy to pagate technical 
information over as wide a circle as possible, and 
among the publications which have made a success 
of this may be mentioned the Hoepli manuals, of which 
close upon 2,000 have now been published, dealing with 
every conceivable branch of talestey, knowledge and 
science. These are real handbooks, they are edited 
by specialists, professors, men of science and practical 
engineers ; they are carefully printed, illustrated and 
bound. An idea of their scope is afforded by a reference 
to three of the latest issues. One of these deals with 
“ Telemetry in Practice and in Theory”; the second 
is a “ Practical Handbook for the Use of Reinforced 
Concrete”; whilst the third is a “ Practical Guide 
for the Modern Mechanic.” These publications, of 
course, are written for readers of Italian Nationality, 
but they appeal also to a wide circle of foreign readers 
who are students of the Italian language. Their price 
varies according to their size; they can be obtained 
from Messrs. Ulrico Hoepli, Milan. 





EXPERIMENTS ON THE HORIZONTAL 
PRESSURE OF SAND.* 
By Ponsonsy Moors Crostawarrs, B.A.I., M.Inst.C.E. 
Recentiy the author made a series of experiments to 
Stor mateuale tr los internal friction in sand, clay and 
other materials by loading a plunger of known diameter 
and the penetration caused by known weights. 
The value of ¢, the internal angle of friction, was caleu- 
lated from Rankine’s formula : 
P (: — sin 4) 
W \Il+sing 
when d is the ion in feet, P = the 
so foot, We the weigh t of the meted ou ou ic 
oot. 


The angle of internal friction from these i te 
was much less than the le of repose, was not 
constant for any one material, but ded on its state 

y , shaken 


hich assumes the “ of 
angle of to 
same, would have a factor of safety from ae h 
In order to test this conclusion, a number of 
were made in which the pressure of dried sand against 
model wall was measured, The first experiments 
were made with a vertical door backed with sand and 


The booklet, which’ is entitled “ Manuel de Culture| £, 
Messrs. Hachette, 79, Boulevard St. Germain, Paris. | calculated 





: (1) With the sand ligh into the 
box of which the 5 Seemed ono. eA Sree 
the sand thoro together; (3) with door 
surcharged to an angle of 30 deg., of repose 

* Abstract of a read before the Institution of 
Civil on y, February 10, 1920. 





253 
of the sand 35 deg. ; 
= being 35 deg. ; (4) with the door surcharged 
These experiments proved that the pressures 


theory gives. 

These results made the author think that something 
was wrong with the theory, and it occurred to him that it 
might not be right to take into account the friction 
between the wall and backing. He therefore modified 
the equation by which the pressures had been calculated, 
neglecting the friction between the wall and backing, and 
introduced into it an angle of internal friction instead of 
the angle of repose. 

The angle of internal friction was arrived at by calou- 
lating what angle would satisfy the maximum pressures 
observed nal ee — wall wd bs By lightly 

ut an stirred together. These angles, 
Eetend, of, being: Bp. dag. the, Sagle, of copuh “wees 
42 deg. — 20 minutes and 49 deg. These were 
then used for calculating the undivided 
results coming out in t with the experi- 
ments. The angle 42 
to 


ite 


deg. — 20 minutes was then 
lculate what should be the pressures for the sur- 
charged wall, with the result that there was the same 
agreement, the maximum calculated pressure 
practically identical with the observed. 
The author then carried out experiments to definitely 
test if wall friction did actually affect the horizontal 
pressure or not. For this investigation new apparatus 
ww 7 roe 
A long box was cut into two compartments a 
vertical saw cut transverse to its | One-half owes 
i the other carried on live 
ro When box is full of sand two compart- 
ments are urged asunder by the pressure of the sand on 
the plane i This is the 
determined 


vented the 
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rolling box was then turned 
in the fixed com 

end of the box, 
sand. This is the same 
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of the tension now required to keep 
position should —, less 
number of experiments were made, 
that there was practically no diff 
so far as laboratory can, that it is not correct 
that friction between the wall and backing can 
the amount of the horizontal thrust. 

The results of all the author’s experiments 
the angle of internal friction is considerabl 
the angle of repose, and that it varies wi 

ion of the material. 
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opt. wal felotion. ond tetoadosing, Paoteed: of So. onal 
of repose, the angle of in friction gives correct 
results in all cases, whether for the maximum thrust or 
that produced by individual wedges. 

Finally the author draws attention to agreement 
of his experimental results with the conclusions of 
Sir Benjamin Baker, who states from his experience 
that to retain loose earth, walls designed to withstand 
liquid pressures of 10 Ib. to 20 lb. per cubic foot are 
sufficiently strong. The author’s measured pressures for 
loose earth d to ao liquid pressure of 18-4 Ib. 

r cubic foot, on for well-stirred sand 14 Ib. per cubic 
wi la ag rool geell gga ho as would be 
produced by loose earth, the latter considerably 
greater than that due to damp earth or sand. This 
coincidence is remarkable, considering the extremely 
small scale of the author’s experiments, and that 
Sir Benjamin Baker’s conclusions are drawn from con- 
sideration of works of the largest size. 

In conclusion, the author records the assistance he 
received from Dr. A. W. Brightmore, M.Inst.C.E., who 
gave him valuable advice whilst he was carrying out the 
experiments, and devoted a great deal of time to making 
somewhat tedious and difficult mathematical investiga- 
tions, without which the paper could not have been 
placed before the Institution. 








OVERTURNING MOMENT ON 
WALLS.* 
By Anous Rosertson Futton, D.8c., Assoc.M.Inst.C.E. 


ExPeRIMenTAL methods of investigating the pressure 
of earth on retaining walls have usually followed one 
or other of two directions in the attempt to decide 
between the claims of two main theories—the theory of 
prism of maximum pressure and Rankine’s theory of 
conjugate pressures. 

The aim of these methods was either to obtain the 
ratio of the conjugate pressures directly or deductively 
by experiments, or to determine the overturning moment 
on the wall. In the latter case indirect means, such as 
the stability or failure of the wall, were used, or direct 
measurements were made. In the present investigation 
the method of direct measurement of the overturning 
moment was employed. 

The filling was of three kinds :— 


(a) Clean river sand, 
(b) Gravel, 
(c) Garden 


RETAINING 


soil, 
and the values of the coefficient of friction and the angle 
of repose for each class of ial were first ined. 

A description and illustrations of the apparatus used, 
which was along the lines of the rotating board, were 
given. The method of measuring the magnitude of the 
resultant moment of the earth pressure was by observing 
the extension of a bar fittetl with a Ewing extensometer. 
The movement of the matertal and therefore all “‘arching”’ 
eftect was emeneeney reduced to a minimum. 

The rotating and apparatus were so 
that the conditions could be made to approximate to 
the cases of a wall with its inner face vertical or battered 
inward or outward. 

The operation of filling was carried out on a system 
dusttibel, ond measurements of the moment were made 
with the materials at various heights, and also with and 
without a surcharge loading. The total height without 
surcharge was limited to 7 ft., and with surcharge it 
reached 9 ft. 

An indication is given briefly of the foundations on 
which the theories are based, and the methods by which 
the general formulas derived from them have been 
evolved. 

It is also shown in what respects the Rankine and 
wedge theories agree and differ, and reference is made 
to the direction of the resultant pressure. 

The values of the overturning moment for the case of 
a vertical wall with no surcharge, as obtained experi- 
mentally, and those calculated from the derived formulas, 
are given in a table and illustrated by curves. The 
Rankine figures where the direction the resultant 
pressure is taken as parallel to the surface of the filling 
are greatly in excess of the observed values, while those 
obtained from the wedge theory approximate fairly 
closely to experiment. 

For inclined positions of the rotating board representi 
walls battered inwards and outwards, the experimen 
and calculated values are tabulated in other tables, and 
are also illustrated by curves. These indicate that 
calculations based on the wedge theory give results in 
accordance with experiment at the lower levels and in 
fair a ment at the higher. With the wall inclined 
in — — —_ : wy yee 50 cent. in 
excess, but o to the fact vary very little 
im Une these postions talsim, Guy agree useso aleeuly, 
though still in excess, when the wall is inclined out 5 

Coming to the case of surcharged walls, it is pointed 
out that the equations founded on the theories mentioned 


apply only to unlimited planes ¢f surc’ , and as it 
was to limit the height to which filling was 
carried in i ts as in ice, a 


modification of the formula was dom The 
caloulated results obtained from this modified formula 
are contrasted with those got by the use of the Rankine 
and wedge formulas for a continuous and unlimited 
surcharge, in tables, and are also illustrated by a series 
of 


curves. 
With the board vertical the modified formula gives 
rather low values at the lower level, bes agnees tabsty 
well at the higher with experiment. The wedge and 

read before the Institution of 


* Abstract of pai 
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great by 20 hon nae 
cent. cent. respectively. 
The SSS Senses “sbtnined oth the bsedd 
inclined inward fall below in the sand tests, especially 
at the lower level, what might be expected, but this is 
considered to be due to some accidental cause. Other- 
wise, agreement is maintained between the moment 
calculated from the modified formula and experiment. 
With the unlimited-slope formulas the calculated values 
are about 40 cent. in excess. 
agreement exists in the case of the 
board inclined outward, the unlimited slope calculated 
Tyicclng tan andl tees 20 on 50 per cent. 
i t series experimen: greatest 
i occurred with the 7-ft. levels (no surcharge) 
when gravel filling was used, and was worst with the 
board inclined outward. Low experimental values were 
also obtained in the sand tests at the lower level under 
surcharge. 
The results of the experiments may be said to justify 
the following conclusions :— 
1. That the overturning moment on cae y | walls 
due to the filling, as calculated from a ormula 
ximately the same 
ing behind the wall is 


based on the wedge theory, is 

as ordinarily exists when the 

uncompacted, when the height is within the limits of 
these experiments, and when the inclination of the inner 
face of the wall either outward or inward is not greater 
than usually obtains in practice. 

From this it would follow that the following assump- 
tions which were made may be taken as warranted : 

(a) That Fee Pee & 3 em length of 
wall makes an angle equal to the angle of repose with 
the normal to the wall. ‘ 

(b) That the position of the resultant pressure is at 
@ point on the inner face distant one-third from the 
bottom of the wall. 

2. That in the case of walls with a filling whose sur- 
charge is not continuous and unlimited, the general 
formula requires modification. This can be done by 
reducing the sliding prism of irregular section to one 
equivalent t section from which the overturning 
moment can be deduced either by direct calculation or by 
a convenient graphical method. 

The position of the resultant pressure may under these 
conditions range from 0-33 to 0-364 of the inner face 
of the wall measured from its base. 





“ WATER-COOLED TURBO-ALTERNATORS.” 
To tHe Eprror or ENGINEERING. 

Sim,—We would point out an error in Mr. J. Shepherd’s 
letter to you on “‘ Water-Cooled Turbo-Alternators,”” and 
which was published in your issue dated February 6. 
The output of the Parsons’ alternators to which he refers 
is 11,000 k.w., at 75 per cent. power factor, giving an 
output of 14,700 k.v.a., and not 10,000 k.v.a. as stated. 

Yours faithfully, 
For C. A. Parsons anp Co., LimITED., 
J. Beprorp, Secretary. 
Heaton Works, Newcastle-on-Tyne, 
February 13, 1920. 





“THE CAMMELLAIRD-FULLAGAR OIL 
ENGINE.” 
To THe Eprror or ENGINEERING. 
Sm,—The comments made by Mr. Everett in your 
issue of February 6, on the above engine, call for some 
reply. The ter portion of the first ph of the 
letter ref to is irrelevant to the subject, and as the 
statement on piston cooling is simply criticism with 
thing in the nature of reasoned argument, no reply can 


Tt is sufficient to say that the tem tang 
one, and with 
ellaird- 





be given. oO! 
coding adopted is a well-known and tri ne, 
minor improvements has been used on the “‘ Camm: 
Fullagar” engine during four years of intermittent 
running with no signs of trouble. 

The breakdown of a piston in the ‘*Cammellaird- 
Fullagar” engine would be no more serious than a 
similar occurrence in any other type of oil engine. In 
both cases it would only put one cylinder out of action. 
The m is now beyond question one of the most 
reliab —* of all oil engines, and if, by the heart of the 
engine, Mr. Everett means the part most likely to give 
trouble, he must look for it amongst the parts which the 
principle of the o; piston ine has eliminated. 

The consumption of piston lubricating oil will, of 
course, a the size of the piston and the surface 
velocity. the case of the “ mellaird- 
engine both are considerably reduced, so that this point 
of _ correspondent loses its significance. 


Everett’s remarks on scavenging 
coloured by his familiarity with the type of engine he 
ere Ape he has made a serious blunder when he states 
that the onesided port sca ing is the best of the three 
methods illustrated. No oil engine designer would 

the suprem: of the o piston engine 
Sere See tever else he may think of the 
earlier three-cr per cylinder constructions. Even 
if no experimental verification was available, it could 
be assumed that with simple sca percen — 


are somewhat 


wi 


venging the 
of air left in the cylinder with side port scavenging 

easily the least. It cannot be assumed that arranging 
the three methods of scavenging for supercharging, 


will improve the relative position of the side port arrange- 
ment in this le 3 coperchansieg: to Gxaioed: % com 


be obtained wi Pgs ome og engine in a much 

simpler fashion than by ding camshaft-operated 

slide or rotary valves. In the case of the engine under 

discussion it is not to resort to supercharging 

to get hi ——— Wit — . 
of 140 pen my have been o 

juch results are, course, far*in excess of what is 





generally considered expedient to put into every day 
practice. The rating of 67 Ib. brake mean pressure 
mentioned for the 1,000 brake horse-power engine is 
simply to give an easy running engine as ience has 
shown that the best running engines are similarly rated, 
as the ‘‘space saved”’ advantage of the new engine is 
80 great, this can easily be afforded. If future e ience 
shows that rating can be economically inc » it will 
be found that the opposed piston engine will be the last 
to call a halt. 

There are no reasons, functional or structural, why 
the ‘‘Cammellaird-Fullagar’’ engine cannot run at the 
piston speed of 600 ft. per minute without making an 
abnormal engine. Prolonged runs at piston speeds of 
720 ft. per minute have been made, and even 900 ft. 
is quite economical, the scavenging air pressure being 
only 2} Ib. per square inch at these high - 

The comparison of the Fritz engines with the new 
engine is also perfectly legitimate. The original engines 
were designed about ten years ago, but these were not 
fitted into any ship. The engines of the Fritz are of later 

, the ship is quite new and, so far as can be 
ined, had not carried a cargo up to the time of her 
surrender. The engines of the Fritz are 3 ft. 6 in. 
shorter than the original engines, and any further 
shortening could only be done by methods which one 
would be quite justified in applying to shorten the 
“‘Cammellaird-Fullagar” engine still further. At any 
rate it should be some satisfaction to engineers in this 
wert to know that these results have been accom- 

pli by a purely British invention. 

Yours faithfully, 
D 


. M. SHannon. 
24, Village-road, Birkenhead, 
February 17, 1920. 





FUSION WELDS. 
To THE Eprror oF ENGINEERING. 

Srr,—I have read with considerable interest Mr. Joseph 
Shepherd’s letter in Encrnzrrine of February 6, page 
176, respecting the use of quasi-arc welds in modern 
boiler-making, and also your footnote to it. It does 
not appear to be generally known that seams made by 
the quasi-arc are very often put in boilers now, 
and also in air receivers and subsidiary vessels which 
work at high pressures. Quite a number of the ing 
firms of boiler makers have put welded seams in 
of boilers which are in compression when they are at 
work, for some time, and up to the present I have not 
heard that any accident has occurred throngh the failure 
of @ quasi-arc welded seam. The uptakes of vertical 
boilers from the smallest to the very largest sizes have 
had the longitudinal seams welded by this process for 
some time, and the uptakes have proved very satisfactory 
under the severest conditions of working. It is difficult 
to roll an uptake into the truly cylindrical form, and a 
small peak is often left where the two edges of the 
longitudinal seam join. To remove this peak or ridge, 
the uptakes are heated and passed again through the 
rolls, after the quasi-arc welds have been made. This 
is @ very severe mechanical test of the weld, but a 
properly and carefully-made weld will stand this treat- 
ment without showing any indications of cracking or 
distress. In view of this, such welds may be deemed 
satisfactory for this class of work. The welding induces 
a little hardening of the plates adjacent to the weld, 
but not enough to take exception to, when the weld is in 
compression. 

A Lancashire boiler was fitted, about six months ago, 
with a pair of new furnaces, the longitudinal seams of 
which were welded by the quasi-arc . The 
furnaces were made to replace others which collapsed 
through overheating due to shortness of water, and owing 
to the time which would have been lost in procuri 
new plates to make rings similar to the ones whic 
colla, furnaces were each made in one ri 
about 6 ft. long, from stock plates. .The were 0! 
sufficient thickness for the original working pressure 
and of suitable boiler quality. No signs of sweating or 
weakness were detected during the hydraulic test of 
210 Ib. per square inch, after completion of the repairs, 
and the furnaces are working satisfactorily to-day. 

© very important advantage quasi-arc ids have 
— ny Metre is, —_ there is ble oan - pe re 
ue to mering and the repea‘ i tes 
in the fire, such as is often found even in th@lbest shops, 
with fire welds. Quasi-arc welding has been used to 
unite the fire-box crown to the fire-box, to join the two 
halves of pressed fire-boxes together, and also to join 
girder bars to fire-box crown plates, all with satisfactory 


ts. 

Some of the more pro ive boiler- firms, 
are welding the shells of small high-pressure boilers 
and air receivers by this method, but owing to the 
reluctance of some of the insurance companies to accept 
these welds when in tension, they are usually reinforced 
with @ covering , Tiveted on. It seems very possible 
that before long this reluctance will die out, and welds 
in tension will be accepted, as the method of manufacture 
becomes more widely known and further experience is 


Yours faithfully, 
Jas. R. Epwarps, A.M.I.Mech.E. 
18, North Parade, Lincoln, February 12, 1920. 





THE DESIGN OF CONNECTING-ROD FORKS. 
To tae Eprror or ENGINEERING. 
Stmr,—With reference to Mr. Bogert’s letter on con- 
necting rods for internal-combustion engines which 
appeared in your issue of January 23, it would seem on 
examination that, in the comparison between the common 
or standard type of rod, and that proposed, the difference 
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in the stresses quoted is rather one of calculation than 
of fact. 

The stresses in the former case are evidently calculated 
on the assumption that the fork is subject to the simple 


loads shown as W and . in the sketch, Fig. 1, and 
that these are the only forces acting on it. In such 
a@ case any section of the fork is subjected to a 
bending moment al x has well as a simple pull or push 


given by Lf sin 0, and f,, the stress induced is therefore 
given by fu + fw, where 


WwW Ww 
3 xh 7 sin 0 
r - 


fu = A 


The stresses quoted for the old type of forks agree with 
this analysis. 

A fallacy in the calculation, however, lies in the 
assumption that the external loading at the section 
considered is entirely as represented in the figure, é.e., 
entirety given by the load bal and the single couple 


w x Ah. 
2 


“It is obvious that this could only truly represent the 








y and fy = 


facts if, and when, no bending moment were transmitted P 


from the gudgeon-pin to the fork, and, whether the pin 
is separate from the fork or carried in it, this could 
case when the parts in question were absolutely 
unstrained and therefore absolutely unstressed, 
As soon as stresses occur at the crosshead, a slight 
strain must take place in the crosshead pin, and this must 
bring in fresh forces and couples (somewhat as shown 
dotted in figure) which tend to counteract the original 


couple hd x hand the stresses produced by it. 


In the*case in which the pin is carried in the connecting 
rod theZinduced couple produced by {these secondary 


Fig.1. Fig.2. 
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forces must be very nearly equal in magnitude to the 
original couple ; x hk and the bending stresses, due to 


the two combined, must therefore be very nearly 
negligible. Even in the other case, where the pin is 

y connected to the fork by the usual crosshead 
bearings, the effect of the secondary couples must be 
considerable, since, even if the bearings are slack, their 
surface contact must necessarily extend over @ given 
finite length of pin, and therefore they must transmit 
to their respective forks, at least the bending moment 
sustained by the pin over that finite length. 

The original simple couple, moreover, is calculated on 
the assumption that the loads are evenly distributed 
over the surfaces which support them, and therefore that 
the resultant forces act through the middle points of the 
bearings in question. 

Any strain, however, such as that indicated above, must 
so alter this distribution as to bring the resultant forces 
nearer the centre of the fork, and thus reduce the origin- 
ally assumed couple on which the stresses are calculated. 
The stresses calculated with the original assumption 
as to loading must in either case, therefore, be con- 
siderably in excess of those actually sustained under 
working conditions, and, in the case of the fork, which is 
rigidly connected to the gu m pin, so far in excess 
as to make the calculations ost valueless. 

This, indeed, is tacitly recognised in the calculations 
of stresses in the new type of fork as proposed by Mr. 
Bogert. The effect of the cross-tie is, in fact, apparently 
taken as nullifying all bending effect in the lower Es of 
this fork although the same system of external loading 
involves as wm 4 bending moment here as in the forks of 
the older type. 

The truth is that in any t; 
fulfils to a certain extent the function of the cross-tie 
which is the feature of Mr. Bogert’s design. 

In the t; of fork in which there is a si gudgeon 
pin carried in the jaws of the rod itself, the cross-ti 
action must be about as positive as in Mr. Bogert’s 

i and much more effective since it ies to the 


wi Sapte ere tyme org it. 
With a double gudgeon pin as ied on the piston-rod 
crosshead, the tie action is not so obvious, but the 


of rod the crosshead pin | i 





induced couple caused by the slight bending of the pins 
must produce at all events part of the effect of a tie 


Those interested should, in their own i write to 
Engineers 





and in both types of rod therefore the loading as d 
in the original calculation must give much too high a 
value in the stresses calculated even though those actually 
occurring are bes) perhaps, so low as those calculated for 
Mr *s fork. 


With the rods of actual engines which have, in fact, 
been running without fracture for years, the value of f, 
as dee wm | on the above assumption, will commonly 
be found to exceed 13,000 Ib./in.? in forks which are 
separate from the gudgeon pin, and 15,000, or even 
18,000 or 19,000 Ib./in.2, in forks of the stronger type. 

Assuming that 30-ton steel is used, the maximum 

isst compressive stress without any margin of 
safety at all is 6,533 lb./in.® for a reversible load, 9,800 
Ib./in.2 for a non-reversible live load, and only 19,600 
lb./in.? for an absolutely dead load, and it is to 
think that, with the conditions of reversibility and 
shock o! ing in actual running any stress as high as 
19,000 Ib./in.2, or even 13,000 Ib. /in.2, could be sustained 
for a consi period without fracture. 

With the assumptions used. then, the calculated stresses 
bear no close relation to those that actually occur, and 
unless the bending moment, which is directly transmitted 
to the forks by the gudgeon pin, is included in the loading, 
no close ap’ i be expected. The trans- 
mitted moment, however, is not very susceptible of 
calculation, or even accurate estimation, and for design 

it has up to the present ay been 
oer sone | to neglect it altogether and allow :imaginary 
stresses, which are therefore excessive. 

In aries enaee design, in fact, the stresses found 
from the old of calculation may safely be allowed to 
go as high as 13,000 Ib./in.? in forks which do not carry 
the gudgeon pis, or 16,000 Ib./in.2 or 18,000 Ib./in.2 in 
forks in which the gudgeon pin is rigidly fixed. 

It should not be thought, then, those stresses are 
actually likely to occur since they are really only the 
result of a quite imaginary loading which happens to be 
convenient for calculation. The imaginary loadin 
produces an imaginary stress, and to obtain the 
stress some sort of op See will be necessary as a 
multiplier, just as in ot cases. 

It is not fair, therefore, to pare these stresses with 
those calculated on other assumptions. It is, in fact, 
probable that each will require a “‘ design factor” of its 
own, and while the old assumption certainly requires 
a factor which has the effect of reducing the cal ted 





interests, 

the Secretary of the Civil Association at Simla. 

I t, of , detail all the steps we are about 
mye ial” I ni ee Tone fds terierenioes 
- tial,”’ but I will let an t 
know why and how it is steadil becoming impossible 
for any self-respecting, educa‘ civil engineer to live 
in the i i service with perhaps the finest 
traditions in the world, 
Yours, &c., 

« Borgavorat.”’ 





FLUID MOTION AND VISCOSITY. 
To Tae Eprror or ENGINneErine. 

Sm,—Thbe criticisms by Colonel R. de Villamil in 
your issue of the 13th inst., of my article on fluid motion, 
are very amusing. Colonel de Villamil evidently 
i ines that whenever f (v 1/v) is used in ages gents 
w it ts a series in tive powers of v l/r 
only, or ta olher other words a Taylor’ serie in that variable. 
It is only a question of definition, and in my case I used 
that ado; by mathematicians. The term f (v l/r) 
means that the quantity or function under consideration 
depends upon vi/y and varies as this quantity varies, 
One =~“ say with equal truth that it varies with »/v J, 

in which case we may write it as f; (v/v l) using a 
since the form of the function will be erent although 
its actual value is the same. If Colonel de Villamil 
prefers it in the latter form no objections will be raised 
provided he does not. conclude thereby that it is a series 
in positive in powers only. In this respect, 


however, he falls into error, 
It might interest some of your readers to know that 
for the steady motion of a fiuid in two dimensions the 


differential equations of motion give the infinite series. 
R=pvoel {a +0(<')+0(2?)' + ao} 





, 

d upon the geometry of the problem. 
*s equation : 
R= pv R(1 + r/o) 
is a particular form of this, but in spite of that his form is 
incorrect. It is not accepted mee | as he imagi 
and is not confirmed experimen’ . His og ts 
deducing n = 0 and n = 1 is unso So also is the 


where a, b, &c., 
Colonel de Vil 





stresses, it is probable that the one used in Mr. Bogert’s 
pro will require a factor which increases them. 
her it is a paradox or not, it is a very well known 
and well-worn fact that, with certain supposed external 
systems of loading and internal reacti d to 
correspond to them, the addition of metal to certain 
may increase the stresses sup to occur there 
rather than decrease them—but whether the assumptions 
either as to the external loading or the internal reactions 
which produce these stresses are always borne out in fact 
is rather another matter. 

In the case of the extremely originally shaped fork of 
Mr. Bogert’s article; and particularly in that of it 
which is above the tie rod, it seems very doubtful whether 
the cae conditions of loading assumed are likely to 
be justified at all, and in this case the results arrived at 
do not achieve much more than to serve as an illustra- 
tion of the extraordi: incompleteness of the assump- 
tions and theories on which designers are compelled to 
base their calculations. 


February 9, 1920. 





Yours faithfully, 
8. G. 





THE INDIAN PUBLIC WORKS DEPART- 
MENT. 
To THE Eprror or ENGINEERING. 

Srr,—May I be permitted to draw the attention of 
your readers to a new development in the treatment of 
this public service by the Government of India. 

Resolution No. 1085-E.A. of the Finance Department, 
dated Delhi, November 15, has recently been sent out 
for action ; a resolution purporting to be for the purpose 
of giving effect to the recommendations of the recent 
Royal Commission, for the improvement of pensions. 

he twenty-year pension in the P.W.D.—the only 
remaining attraction to really educated engineers—has 
been ** improved ”’ as follows: (1) The amount has been 
left unaltered—at a time when all other wages and 
pensions in the civilised world are going up to meet the 
increased cost of living ; (2) an entirely new condition has 
been coupled with the t of it, é.¢., that it is «* subject 
to the absolute right of Government to decline to permit 
any officer to retire before reaching the age of super- 
annuation.” 

Those who know India at present also know that the 
Government of India will not be in a position much 
longer to ‘‘ permit” any civil engineer to leave India, 
once he is caught; and the choice before those now 
entering the service, and those in it at present who are 
forced to accept the new terms, will be poverty or 
slavery. 

Nothing will change the policy of those who at present 
direct the Government of India; I write merely to warn 

rs who intend to enter the P.W.D. that the service 
is being (intentionally or unintentionally, it is not for me 
to say) to a classification with certain services 
which have always been associated with academical 
failure, and that y will be better off as mechanics in 
England than as civil engineer officers in what was the 
finest engineering service in the world. 

As an officer of long and approved service I warn 
in’ ing candidates, and those who are not yet finally 

that it is now impossible honestly to earn a 
reasonable living in the Indian Public Works ment. 


" “fv l/r) = f (v 1/0) = f (infinity) 
and the resistance is infinite.” This shows a misunder- 
standing of the ing of a functi 

With ard to the last point raised by Colonel de 
Villamil, viz., Du Buat’s paradox, I might say that it is 
neither accepted generally, nor has it any foundation. 

Yours — 
Lal aaingoen ; 
National Physical Laboratory, T: nm, 
February 16, 1920. 








Brown Coat DiscoverseD in CourRLanp.—According 
to an announcement in the Lettish Information Bureau's 
Bulletin, a seam of brown coal, 5 ft. thick and extendi 
100 versts (66-3 miles) has been discovered in Courland. 
The quality of the coal is described as differing little 
from that of black coal, and it is estimated that the 
quantity would suffice for the needs of the Latvian 
railways and shipping for a decade. 





Frenoa Company ror ReconsTRvUCTION or Devas- 
TaTeD Arga.—We read in The Board of Trade Journal 
that a new company has been formed at Paris under the 
name of Société Auxiliarie de Reconstruction Immo- 
biliere et Industrielle for the carrying out of work of 
every kind connected with the reconstruction of the 
devastated regions. The office of the company is at 
99, Rue des Petits-Champs, Paris, and its capital is 
500,000 francs, 





TRADE PROPAGANDA In Brazit,—The Porto Algere 
Branch of the British Chamber of Commerce of Sao 
Paulo and Southern Brazil points out, says The Board 
of Trade Journal, that great quantities of correspondence, 
circulars, catalogues, &c., in Portuguese are coming into 
Brazil by every mail from the United States, whereas 
comparatively little comes from the United Kingdom. 
The Chamber accordingly recommends to British manu- 
facturers the publication and wide distribution in Brazil 
of propaganda literature such as booklets, catalogues, 
circulars, &c., in Portuguese, in order to counteract 
other competing propaganda, 





Exrectep IncREASE IN Price oF AMerRIcaAN CaRs.— 
The American press, says The Board of Trade Journal, 
forecast an advance in the prices of American cars, for 
although the output of motor cars in the United States 
has been steadily increasing and almost every producer 
is working at full capacity, manufacturing costs are ~ 





compelling an increase in the selling prices. The 
Stowing Site, owing prices of —_ prominent makers 
pf motor cars in 1915 and 1919 gives the actual 
increases :— 
1916. 1919. 
{ Dols. Dols. 
Dodge} ‘ - 785 =: 1,085 
F ooo See oe 440 525 
Hudson one 1,650 2,200 
Maxwell... 695 985 
Mercer pa 3,000 4,500 
Pierce-Arrow + 5,000 7,750 
Stutz See + 2,460 3,350 
Overland so 850 1,066 
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INDUSTRIAL*NOTES. 


In our last week’s issue we referred briefly to the 
question of payment by results which had been dealt 
with at a recent conference at York. The conference 
took place between the Engineering and the National 
Employers’ Federations, the Workers’ and several 
other unions. It was jointly decided to recommend a 
memorandum of agreement for acceptance by the 
respective constituent bodies. The proposals are 
subject to acceptance as a whole, and are standard, 
not minimum pro Is. They are to come into effect 
on and. from the fourth full pay day after acceptance. 
They deal with overtime, night shift, holidays and 
payment by results. The payment by results clauses 
read as follows :— 

Employers shall have freedom to introduce systems 
of payment by results satisfactory to the men and the 
employer concerned, subject to the following con- 
ditions :—(1) In all cases the time rate of the workmen 
concerned shall be guaranteed, irrespective of earnings. 
(2) Overtime, night shift, Sunday, and holiday 
allowances shall be paid in addition to earnings under 
any system of payment by results, on the same con- 
ditions as already prevail in the trade and district in 

uestion for time work. (3) The price to be paid, or 
the basis time to be allowed either for a new job, or 
for an altered job, shall be fixed by mutual agreement 
between the employer and the workmen who are to 
 enese the work, or by such other methods as may 

ereafter be established by agreement in any trade or 
district. (4) No piece-work price, bonus or basis time 
once fixed may be altered, unless the material, means 
or method of production is changed. (5) When the 
material, means, or method of production is changed, 
and the employer desires a modification in price or 
basis time, the modification shall in no case such 
as to effect a reduction in the earnings of the workers 
concerned. (6) When piece-work, bonus or basis time 
system is in operation and an employer desires a 
workman or workmen to undertake a job for which no 
price or basis time has previously been fixed, the 
employer shall, either before or as soon as possible after 
the job has been given out, see the workman or workmen 
concerned with a view to ment in accordance 
with the terms of this agreement. (7) In the event of 
a workman taking exception to any price or i 
time allowed and being unable to arrive at a settlement, 
the matter shall be dealt with by a deputation of 
workmen, consisting of the workmen affected, and two 
others engaged in the branch of trade in the shop 
concerned, who shall endeavour to effect a settlement 
with the ment within seven days. (8) All 
settlements shall be retrospective to the commence- 
ment of the job on which the question is raised. (9) No 
debit balance shall be carried forward beyond the 
weekly or other mutually ised period of settle- 
ment. (10) All balances and shall be paid 
through the office in proportion to the time worked 
and time rates of the workman or workmen on the job. 
(11) The employers shall in all cases supply the work- 
men with a card stating the nature of each job, and 
the price or basis time allowed, such card to be retained 
by the workmen for reference until the completion of 
the job. (12) Piece work prices and bonus or basis 
times shall be such as will enable a workman of average 
ability to earn at least 334 per cent. over present time 
rates (excluding war bonuses). 

It was that a special conference shall be held 


at an early date to discuss schemes of ms of pay- 
ment by results, such as to include within their scope 
those men whose work is contributory to uction, but 


who are not directly engaged on a uctive process. 

It was that the consolidation of war wages 
should be the subject of a special conference to be held 
at an early date. 





Mr. Brace moved, in Parliament, on Wednesday, the 
llth inst., an amendment to the Address, expressing 
regret at the absence from the King’s s h of any 
proposal to nationalise the coal mines of the country 
on the lines recommended by a majority of the members 
of the Royal Commission on the Coal Industry which 
was appointed for the purpose of advising the Govern- 
ment on the best methods of reorganising the industry 
in order to secure economy in management, greater 
safety in working and maximum output. 

After discussion, there voted for the amendment 64, 
against 329, or a majority against of 265. 

In the course of one of his recent election speeches 
at Paisley, Mr. Asquith is reported to have stated that 
he was in favour of the acquisition by the State of 
mineral rights and royalties, and of the establishment 
of boards on which employers and employed, and the 
State as trustees for the consuming community should 
be associated in the control and management of the 

ustry. Nationalisation, he added, would enthrone 


ind 
the rule of bureau , tend to stereotype progress, 
paralyse individnal initiative and enterprise, reduce 
output and sooner or later impoverish the community. 





HORIZONTAL LOG-CUTTING BAND SAW. 


CONSTRUCTED BY MESSRS. THOMAS ROBINSON AND SON, 


LIMITED, ROCHDALE. 


(For Description, see opposite Page.) 
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A meeting was held last Friday at Victoria Hall, 


basis | Sheffield, when Mr. W. L. Hichens, chairman of Messrs. 


Cammell Laird and Co., spoke on the co-operation of 
Capital and Labour. Mr. Hichens stated that this 
co-operation was not only possible, but was also 
essential. The two were mutually indispensable. 
It was idle to argue that Labour produced all the 
wealth and that Capital had no share. Capital was 
nothing else than savings and had it not been for the 
thrift of past generations, we should not have had 
the railways and other products of civilisation which 
we had to-day. It was suggested that the Government 
should be the only capitalist ; that it should get capital 
by taxation and loan it to the various industries and 
individuals, Government control had shown that any 
large industry was far too big a thing to be managed 
by a Government Department, with one man at the 
head of it. It was also suggested that various guilds 
should run the industries and provide the capital. 
That also was unworkable, because the whole essence of 
capital was that a great deal was wanted at one moment, 
and this could not be provided out of revenue. If the 
railways were run by a guild, and it was decided to 
electrify a considerable number of them, a terrific sum 
of money would be required, which could not possibly 
come out of revenue. 





We read in The Iron Age, New York, that the 
Department of Labour, New Jersey, has completed the 
compilation of statistics showing the advance of 
of workers in industrial lines from 1914 to 1918. 
Twenty-five typical State industries were selected for 
the estimates, including the following: 174 machinery 
plants, which report a 93-6 per cent. annual advance per 
worker ; in 16 steel and iron forging plants the average 
income advanced from 712 dols. to 1,334 dols. per year ; 
19 wire-drawing and wire cloth plants show an annual 
pay roll total of 120-5 per cent. larger per worker 
than previous to 1914; 14 steam boiler manufacturing 
plants report an advance of 115-2 per cent. in employees 
average annual earnings; structural steel and iron 
workers show an increase of 92 per cent. in wages 
between 1914 and 1918, or 603 dols. and 1,158 dols. 
per annum respectively. 


8 ing at a meeting held last Monday at Hebburn- 
on- e, under the auspices of the National i 
of a and entered, Mr. W. J. Hazzard said 
it must recogni that the trade union move- 
ment when built upon the sanest foundations could be 
regarded as a national asset. Greater interest, how- 
ever, had to be taken in the movement by those who 
subscribed to its membership; unfortunately, in- 
difference and mental blindness were a: t at the 
majority of the branch meetings of di t unions. 





The consequence of this was that real, sane trade 
unionism was being sacrificed to the dictatorship of a 
section of men who had no claim either to sane trade 
unionism or to sane political outlook, and the true 
value of the movement and national welfare suffered 
thereby. The extremists who were most anxious for 
the overthrow of Constitutionalism would do well to 
remember that a revolution would simply usher in a 
period of tyranny. Labour conditions were not so 
ideal in Soviet Russia as the extremists would have us 
believe, and m from Russia indicated that a 
12-hours’ working shift had been substituted for the 
8-hours’ working day, on account of Russia’s grave 
economic position. 





It is stated that the Shipbuilding and Engineering 
Trades Federation have decided to withdraw from the 
negotiations with the National Union of Railwaymen, 
on the question of their respective members in the 
railway shops, and to repudiate the railwaymen’s 
authority to speak and to negotiate on behalf of the 
craft unions. This action brings to a deadlock negotia- 
tions which have proceeded between the National 
Union of Railwaymen and the other unions since 1911, 
and is understood to have been precipitated by the 

blication of the terms which the National Union of 

ilwaymen proposed to make in complete settlement 
of the wages, issues on which the negotiations were 
commenced. A committee of the Federation is to 
consider the matter. In the meantime, the Federation 
have presented an application on behalf of all their 
members, including shopmen, for an increase of 15s. 
weekly for workers over 18 years of age and of 10s. 
weekly for apprentices and boys. The hearing of this 
application is to take place before the Industrial Court 
on the 25th and 26th inst., but it is deemed advisable 
by the workmen’s representatives, it is further reported, 
to consider the whole future policy on wage advances, 
and to this end a conference between the shipbuilding 
and engineering trade representatives will be held 
at the same time. The proposals of the National 
Union of Railwaymen were to the effect that members 
of the craft unions who obtained work in the railway 
shops had to retain the membership of their union 
and to pay the National Union of Railwaymen a 
nominal contribution per week, and, further, that 
during the period of employment of these men in the 
railway shops their working conditions had to be 
negotiated by the National Union of Railwaymen. 








PrersonaL.—Mr. Thomas Bayley, 30, Reconquiste. 
Buenos Ayres, announces that has been appointed 
representative for South America by Messrs. A. G, 
Kidston and Co., of London, Glasgow, New York and 
Montreal. 
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HORIZONTAL LOG-CUTTING BAND 


CONSTRUCTED BY 


We illustrate on the opposite and present pages 
an improved tensioning ry to horizontal log- 


cutting band saws, by omas Robinson and 
Son, Limited, Rochdale. . 1, page 257, shows a 
typical machine so fitted, though the remaining 

are illustrations from another size of machine in which 
the positions of the loose and fixed pulleys are reversed. 
The machine consists of the usual two standards with 
a cross-rail at the top. The cross-slide moves vertically 
on the standards, its position being controlled by 
vertical screws in the standard housings. The cross- 
slide is fitted with adjustment so that wear on the 
vertical faces can be taken up. 

The pulleys are mounted on heavy shafts, the wheel 
fits being tapered. The pulleys are fixed by a large 
fine-thread nut. They are carefully balanced, and 
ground on the face. The movable pulley is shown in 
Figs. 2 and 3, and details of its mounting in Figs. 
4 to 8. As will be seen from these figures, it is carried 
in bearings suspended from two frames, which are 
telescopic with the main cross-slide. The adjustment 
of these frames is independent of the tensioning gear. 
Figs. 2, 3 and 6 show these telescopic frames to be fitted 
at their inboard end with horizontal screws capable 
of being rotated by a hand wheel, spindle an bas 
worms and gears shown in further detail in Fig. 8. 
By means of this screw gear the frames are worked out 
or drawn in, according to the length of the saw. The 
pulley shaft is carried in bearings hung from these 
frames (see Figs. 2, 4 and 5). They are suspended on 
an eccentric pin, and the whole may be swung in by 
ine pal this pin by the handle shown. The lining of 


the eys is secured by the device shown in Fig. 7, 
which represents a section at X X, in Fig. 3, i.c., at 
the in-board end of the gear. This lining arrangement 
consists in an additional worm gear, worked by a 
hand wheel and chain, which works one of the main 
adjustment screws in or out, thus swinging the shaft. 
The screw on the front of the croas-slide is therefore 
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subjected to two adjustments ; that at the back:to one 


only. 

The straining or tensioning device consists of a shaft 
mounted eccentrically in ball bearings and provided 
with a lever from which an adjustable weight is sus- 
pended. The weight is adjusted according to the saw 
in use. The tension is transmitted to the saw by a 
knife-edged strut or distance piece, one end of which 
fits into a recess in the eccentric shaft, and the other 
into a recess in the shaft bearing, as illustrated in 
Fig. 4. The weight tending to rotate the shaft pushes 
the bearing out by means of this rod. Fig. 9 shows 
the scraper and brush fitted for cleaning the rim of the 
movable pulley. The driving pulley is fitted with a 
brush and oil pad. Pig tsi. ie Seem 

The saw guides in these machines are adjustable, 
and are provided with hardwood kings, with 
scrapers to keep the saw clean. A lubricating pad 
is carried inone guide. The feed is arranged so that the 
carriage may be started, stopped or reversed by a single 
lever. Another lever is provided for raising or lowering 
the cross-slide and pulleys, the depth of cut being 
indicated on a revolving scale. The feed is arranged 
with variable speed gear, consisting of a V-belt running 
on expanding cone pulleys. 





Execrriciry Suprpry.—In pursuance of his powers 
under the Electricity (Suppl ) Act, 1919, the Minister of 
Transport has appointed Sir John F. C. Snell, M.Inst.C.E., 
to be chairman of the Electricity Commissioners, and 
Mr. H. Booth, O.B.E., of the Board of Trade ; Mr. W. W. 
Lackie, C.B.E., M.Inst.C.E., M.1.E.E., and Mr. Archibald 
Page, M.1.E.E., to be Commissioners. All communica- 
tions for the Commissioners should be addressed to the 
paren Electricity Commissioners, Gwydyr House, 
Whitehall. 





Exxecrrotymic Propvction oF HYDROGEN AND 





Oxycrn.—The electrolytic cells of the Geeraerd aren, 
used in the military plant built early in 1918, near Rouen, 
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differ from those we described in our recent article of the 
above title, on page pool our rage ved same PP han re No 
not ha’ a i a“ e plant, as descri 
Bo Tievtcsant Colonel A Rose, late R.A, and RE. 
we designed and erected it, in The Dlectrical Review 
of January 2, is one of two originally planned for a total 
production of 100,000 cub. ft. of Mp bo and twice that 
amount of hydrogen day of 20 hours. The plant is 
ovided with two Diesel engines, y of og brake 
orse-power, Crompton erators and petrol motors 
for auxil machinery” The 2,600 electrolytic cells 
are in 52 groups of 50 cells, four 
conn in series. A cell is built up of two 
cast-iron electrode plates which are bolted 
and finely corrugated on the inside, the cell forming 
@ narrow vertical trough, as in the other cases we 
mentioned. each plate rests a of glass 
vanes arran; like a Venetian blind, the horizontal 
vanes being separated by distance-pieces of ebonite ; 
the two blinds of a cell are both inclined inward, leaving 
a free in the middle of the cell where the diaphragm 
would in other cells. The gas bubbles leaving the 
plate electrodes are deflected by the vanes to collect in a 
small chamber above after having through 
separators which keep the electrolyte back. Each plate 
is cast with two holes in the upper part of the flange, 
and when the cells are themselves bolted together, these 
holes unite to form gas conduits. One hardly expects 
that the hydrogen and oxygen will be sufficiently pre- 
vented from interm y the Venetian blinds, and 


are sent 
purifiers contain 
Piro and platinised fibre; “by these means the purity 
can be raised, if necessary, above 99-7 per cent.” 
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FRICTION AND SPREADING FORCES 1N 
ROLLING MILLS.*_ . 


By W. B. Sxnrxiz,{ Pittsburgh, Pa. 


Tue need of accurate knowledge of the forces acting on 
rolls and the friction losses on roll necks in different types 
of rolling mills has —— the author to respond to 
the editor’s request for an article, with a description of a 
device soon to be tried out on the experimental mills of 
the Bureau of Rolling Mill Research at the Carnegie 
Institute of Technology. 

By means of this equipment it is expected that 
experimental data will be secured which will give positive, 
accurate knowledge, not only of the relative values of the 
various lubricants and bearing metals used on roll necks, 
but also of the spreading forces acting on the rolls; from 
which the stresses in rolls and housings may be calculated 
to a far greater degree of accuracy than is at present 
possible, 

The device consists of two hydraulic supporting 
evlinders marked cylinder No. 1 and cylinder No 2, in 
Figs. 1 and 2, located in the bottom of the roll-housin 
window, and so arranged that they can easily be remov: 
and replaced by a filler. 

The carrier for the bottom roll rests on the plungers 
of these cylinders in such a manner that the forces acting 
on the roll neck are recorded by the resulting hydrostatic 
pressure in these cylinders. 

In Fig. 1 is a diagram showing the arrangement of these 
cylinders and their relation to the rolls. A bloom is 
shown between the upper and lower rolls with the lower 
roll carrier and cylinders. The full lines indicate the 
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position of this carrier under static conditions (condition 
of rest). The conditions existing at the neck of the lower 
roll are greatly exaggerated for the purpose of illustration. 

The total spread force F, due to the bloom being 
pinched between the rolls, will cause a heavy force P to be 
appliedt about as indicated in Figs. 1 and 2. Under 
static conditions this force would transmitted from 
the body to the neck, and would be applied to the bearing 
as indicated by the arrow A, in Fig. 1. Such an applica- 
tion of forces would cause one-half the load P on each 
bearing to be carried by cylinder No. 1 and the other 
half by cylinder No, 2. 

The proportion of the total force F which is distributed 
to each neck of the rolls will depend on the location of 
the pass in the roll body and can readily be figured by 
the well-known principles of beam reactions. 

Where rotation starts, and the bloom is being rolled, 
the point of contact between roll neck and posse | 
changes to some other point, the force P is then appli 
to the bearing as indicated by the dotted arrow B, 
and the lower roll carrier has a tendency to assume 4 
position indicated by the dotted lines, using the roller C 
as a fulcrum point, the roller D lifting off its seat. 
The position indicated by these dotted lines in Fig. 1 
of course is greatly ex ted for the p of 
illustration. It is vitally important, however, that the 
bearing be perfectly free to rotate as indicated, and that 
no forces o than cylinders Nos. 1 and 2 be interposed 
to prevent this rotating tendency. (In actual practice 


* Description of 4) eee pay. spe 





for a special series 


. 


made on the ex: ental rolling 
mill at the Carnegie Institute of Wemeslogy. Repro- 


duced from Blast Furnace and Steel Plant. 
Director, Bureau of Rolling Mill Research, Carnegie 
Institute of Technology. Mem.Am.Soc.M.E. 
tIt is not the purpose of this article to enter into a 
discussion of the complicated system of forces at the 
contact surfaces between rolls and bloom. Inasmuch 
as the rolls are able to move up or down and are restrained 
from horizontal movements in any direction by the 
bearings and roll housing, the resultant of all forces 
acting must be in a vertical direction. 


of investigations to 


it is expected that not more than 0-003 in. or 0-004 in. 
of movement will be obtained on these cylinders between 
~ oa their maximum carrying capacity of 250,000 

. each. 

When the contact point has moved to a place where it 

slides back as rapidly as it tends to climb, the angle of 
aiding friction has been reached and a condition of 
equilibrium is again established. 
These conditions are shown and analysed in Fig. 2. 
The pressures on the supporting cylinders will no longer 
be equally distributed, as in the case of static conditions, 
but will be much heavier on cylinder No. 1 than on 
cylinder No. 2. 

In the analysis of these conditions the following 
symbols will be used 


P = Total resultant force on the roll necks in pounds. 

R = Radius of the roll neck in inches. 

U = The angle whose tangent is the coefficient of 
friction. 

D = Distance from centre line of roll housing to centre 
line of supporting cylinder. 

d = Distance from centre line of roll-neck bearing to 
the point of contact between the neck and 


bearing. 
N = Some fraction of P greater than }. 
M = Some fraction of P less than }. ? 
If equilibrium in a “free body” is maintained the 
following conditions must be met :— 


1. The sum of all horizontal or vertical forces acting 
on the body must be equal to zero. 


2. The sum of the moments of all forces acting on the 
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body taken about any point must equal zero. 
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the base is then faced off to allow just a film of fluid not 
over }, in. in thickness to act on a special stretched-steel 
diaphragm C, which is securely held in place by the 
friction between the parts A and B of the cylinder, and 
is made tight on its lower side by a soft lead gasket. 
By this means the fluid is completely confined in the 
cylinder, the only escape being through the orifice leading 
to the recording pressure gauge. The plunger D does 
not come in contact with the fluid in the cylinder, but 
rests on the upper side of the steel diaphragm C. These 
contacting surfaces must be very flat and true. 

In order to avoid friction between the plunger D and 
the side walls of the guide cylinder A, the plunger is 
turned } in. smaller in diameter than the guide cylinder 
on its upper parts, and 0-005 in. smaller in diameter 
where it rests on the diap! 5 

In order to prevent lost motion, or the plunger from 
tilting and shearing the diaphragm, and further to prevent 
the plunger from ting “‘ off centre” and having a 
rubbing contact with the cylinder walls, two rings of 
fifty-six }-in. diameter steel balls each, marked F, are 


rovided. 

The inside diameter of the guide cylinder A is ground 
to as nearly a perfect circle as possible, and the grooves 
for the balls are ground and polished to an accurate fit. 

When the plunger moves downward due to the applica- 
tion of a load, these steel balls tend to lift off their seats 
and establish a rolling contact between the plunger and 
cylinder walls. 

The only friction on this cylinder is the friction of these 
ball bearings, the internal friction of the steel in the 
diaphragm and the friction of the fluid in the pipes 
leading to their recording gauges. These quantities are 





Fig.3. DETAILS OF FRICTIONLESS HYDRAULIC 
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Fulfilling the first condition, as applied to the vertical 
forces oe the lower roll-neck Tearing, we have 
—- P+NP + MP = 0, whence NP + MP = P. 
Cancelling the P’s, we have : 


N+M=1 


This shows that for each increase of over half the 
total load carried by cylinder No. 1 there is a corre- 
sponding decrease in the load carried by cylinder No, 2 
and that the sum of the pressures on cylinders Nos. 1 
and 2 must be equal to the force P. This same fact can 
be shown by taking moments about the point z where 
the roll neck supplies its load to the bearing. In this case 
the force P has no lever arm. Its moment would 
therefore be zero, and it may be neglected. Taking 
moments about 2 we have : 


+NP(D—d)—-MP(D+4)=0 

which expands into : 
NPD—NPd—MPD-—MPd=0 . (1) 

Taking moments about Y, the centre of the roll neck, 


we have: 
—Pd+NPD—-MPD=0. (2) 


The foregoing is true only if the hydraulic support 
cylinders are frictionless. If these hydraulic cylinders 
were of the ordi hemp-packed plunger t the 
results obtained would be almost — as the ~— 
of the packing on the plunger woul very an 
the exact amount of shee friction would be very di 
if not impossible to determine. 

poet thamcese be shennae te d @ frictionl 
hydraulic support cylinder. This, the author believes, 
has been ically obtained in the cylinder shown 
in Fig. 3. hile it is recognised that no machine can be 
absolutely frictionless, this cylinder so nearly a 
this ideal state that for all practical purposes it may 
be considered as frictionless. 

The cylinder consists of an upper guide cylinder A, 
securely bolted to its base B by sixteen }-in. bolts G. 
The base, which is really the cylinder a has a groove 
9} in. inside diameter cut into it. The centre portion of 
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so. small when compared with the maximum load of 
250,000 lb. which each cylinder is designed to carry, 
that they may be neglected. 

The displacement of fluid by the plunger when under 
load is equally small. Marks’ ‘“‘ Mechanical Engineers’ 
Handbook” page 251, gives the following information : 
“A pressure of 1 Ib. square inch compresses liquids 
in volume as follows: Water, 1 part in 300,000; mercury, 
1 part in about 4,700,000. For water in an iron pipe 
this corresponds to a compression of 2 in. per mile of 
length for a pressure of 10 lb. per square inch,” 

It will easily be seen that such a compression of the 
fluid will not disturb the roll setting. The only other 
factors entering into the plunger displacement are the 
quantity of fluid necessary to move the needles of the 
recording gauges and the expansion of the short pipes 
leading to these gauges. Both of these factors are so 
small that they may be neglected. ] 

The idea of this frictionless diaphragm cylinder is not 
new, but has had several stages in its development. 
It appears to have been originally invented by Mr. 
Emery, who first applied it to the well-known testing 
machine bearing his name. The general application of 
this invention was delayed by the fact that Mr. Emery 
measured the pressure in his hydraulic supports by 
means of a complicated balancing and weighing 
mechanism. The hydraulic support was made accessible 
to general use by the research work of Dr. A. Martens 
at the German Government materials testing station, 
who measured the pressure in the hydraulic support by 
means of Bourdon pressure gauges and who proved 
conclusively that the combination of hydraulic support 
and pressure gauges forms the most accurate and desirable 
means for measuring without friction or lost motion, 
forces of any magnitude and of any suddenness of 
application. 

Pvcdecoce W. Trinks, head of the department of 
mechanical engineering at the Carnegie Institute of 
Technology, first conceived the idea of applying cylinders 
of this type to roll necks sometime y in 1916, and 
made drawings of @ special roll housing for this purpose. 

When the author was placed in charge of the organisa- 
tion of the Bureau of Rolling Mill Research and of the 
designs of the i tal mill, he carried the devel op- 
ment one step further by desi the present cylinders 








in such a manner that they would fit in the window of an 
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fermen 4 Nim or Bygone housing, and could easily be 
repl by a filler casting in case experiments not 
=e their use were to be made. 

he first cylinder of this type is now in the course of 
construction and will be carefully tested and calibrated 
under a 600,000-lb. compression testing machine before 
the} final {design is produced for the jexperimental mill. 


DETAILS OF MILL SHOWING BOLT WITH “BALL JOINT” TO 
PROVIDE FLEXIBLE CONNECTION BETWEEN THRUST PLATE 


AND LOWER ROLL CARRIER. 


SECTION ON LINE H.H. 
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Diaphragms varying in thickness from 1/64 in. to 
3/64 in. are on hand, and their relative merits together 
with the relative merits of mercury or water for the fluid 
will = sey investigated before the final selections 
are made. 


Figs. 4 to 7 show these. cy: applied to the 18-in. 
three-high bar mill, which ' somewhat different from 
those shown in Figs. 1 and 2. These last-mentioned 
figures were taken from the 24-in. sheet mill with the 
neck brass “‘ faked in”’ for the purpose of better illustra- 
tion of the mechanical principles involved. 

_ There is one more important item which should be con- 
sidered before bringing this article to a cloge. That is 
the friction of the end of the roll-neck brass on the 
roll body. 

The “ thrust gall marked “1” in Fig. 4 is held 
firmly against the inside of the roll housing by bolts 
2 and 3, and, unless a flexible connection between the 
lower roll carrier and this thrust plate were provided, 
would offer a very substantial resisting force acting 
against the rotating tendency of the lower roll carrier. 
To overcome this bolts 3 are made with ball joints at 
their inner ends. In this manner any retarding action 
due to the stationary thrust plate is avoided. Fig. 6 is 
& section through this bolt, and clearly shows the 
construction. 

‘The importance of careful experiments on roll-neck 
friction will be realised when it is stated that, according 
to best information at present available, between 
40 per cent. and 50 per cent. of the total work of a 
blooming or bar-mill engine is absorbed in friction on the 
roll necks. _ These figures represent the best working 
conditions in rolling-mill practice. For mills such as 
plate, skelp or sheet mills rolling wide, thin sections, 
which are often cold, the work lost in friction on the roll 
necks is frequently between 70 per cent. and 80 per cent. 
of the total work of the engine or motor. 

The designs of the experimental mills are being worked 
pre wn outeeme ome, Rae | of necessity involves a 

low of progress. y offer a great man blems 
similar to one just described. It is ected that 
these designs will be completed some time during the 








next three or four months, and will be given to the public 
thereaf 


bir Mey nie Teatitate of Technol 

arnegie itute o' ology is throwing o 

to members of the Bureau nearly 400-000 dols. kot 
building and equipment, free of all charges for rentals, 
&c. More than half the money necessary to add this 
experimental rolling mill has already been definitely 


Fig.6. DETAILS OF BOLT SHOWN IN FIG. 5 
SECTION ON LINE K.K. 










Fig.7 . SECTION ON LINE J.J. 





subscribed, and the remainder is in sight. The com- 
pletion of this experimental mill will make the Bureau 
of Rolling Mill Research what is probably the largest 
and most complete steel research laboratory in the world. 





Dancer In THE Use or Coat Dust.—The decreasing 
supply of natural gas, says The Iron Age, New York, 
has largely resulted in the greater use of pulverised coal, 
and elaborate installations have recently been made in 
the steel plants to powder the coal and convey it to the 
furnaces. It has been found, however, that soon after 
the furnaces commenced to operate with the pulverised 
coal, ] uantities of fine dust began to accumulate 
on the plat ‘orms over the furnaces, the roof trusses, on 
the outside of the various pipe lines, electric cables, and 
on the roofs of the buildings. Some of the companies, 
becoming alarmed requested the Bureau of Mines to 
ascertain the liability of this dust to cause an explosion. 
While conducting an investigation an explosion occurred 
in another mill, which caused the death of ‘one man and 
severely burned two others. 


Rise or Prices my Grermany.—The prices of iron 
and steel products continue to rise in Germany, The 
Steel Union has raised the quotation for iron sections 
from 1,750 marks to 2,470 marks, and for bar iron 
from 1,745 marks to 2,500 marks. The meeting of the 
mine-owners of the Coal Syndicate held at Essen on 
January 24, decided to apply to the National Coal 
Union for a rise in prices to take effect from February 1, 
on account of the increased wages, the higher cost of 
materials, and the expenditure needed to restore the 
mines to the same rate of production as before the war. 
It was also stated, that the Becker Steel Works, at the 
instance of the National Industrial Minister, had joined 
the Rhenish-Westphalian syndicate with the “ Prasi- 
dent” mine from February 1. The Union of Galvanised 
Iron Products has raised the additional price from 
100 per cent. to 150 per cent., and the Sales Bureau for 
Ne ee ee ee 

y 100 marks per 100 kg., the quotation now standing at 
1,170 marks. 





PHOTO-ELASTIC AND STRAIN MEASURE- 
MENTS OF THE EFFECTS OF CIRCULAR 
HOLES ON THE DISTRIBUTION OF STRESS 
IN TENSION MEMBERS.* 

By Professor E. G. Coxrer, M.A., D.Se., F.R.S., K, C. 
Cuaxxo, M.Sc., and Y. Satake, University College, 
London, i 
Tue effect of a hole on the stress distribution in"a 

tension member of rectangular section is of considerable 

importance in practical work, since in nearly all engineer- 


ing holes are drilled or otherwise 
for a and al in most 
cases the stress is applied by a rivet filling hole, yet 


he experiments, to be Socettea! a pad a 
t to i are v re- 
sented. In roof trusses and Neltgen”” for nals, 
com on and tension angle bars and lar 
on members often occur in pairs, and are held 
together at intervals by rivets, which latter usually 
t' it no forces to the members themselves, Other 
i ces of a more complicated kind occur in the frames 
of‘machines in which groups of elements, connected by 
bolts and rivets, are unavoidably diminished in section 
by holes for constructional reasons. Most of these cases 
are more complicated than those investi here, but 
there is a certain amount of advantage in selecting 
simple cases for experiment, since the general character 
of eieae Seren © mebe eneiy penetivet. cad its 
application to more involved cases is likely to be attended 
a ete ee ie 
investigation of one compli example to another 
case in which the various circumstances which cause 
the complexity are of a different nature. Simplicity in 
the conditions is, in fact, most essential for real progress 
in experimental knowledge, and especially so in con- 
nection with problems on stress distribution in materials. 
Engineers endeavour to avoid materials 

beyond their elastic range, so far as 
with this limitation the general theory 
pF of ott | ‘eal ; aes, 
interest to * 


So far as is known, the distribution of stress produced 
by a central hole ina tension member of finite width has 


not been worked out as a y mathematical problem, 
although the has successfully attacked for 
both circular and elliptical holes in plates of infinite 


at various 


shown stress, 
according to a linear law, after the elastic limit has been 
passed, 
Curves of equal hardness are drawn for over-stressed 
material, and the stress at any point i oy 
inferred by the relation previously establis! ween 
and the stress in a bar of uniform section 
permanently deformed by tension. It seems probable 
that our scanty knowledge of the stresses in materials 
in — stage may be appreciably extended by this 
method. 

Tbe present paper is an extension of some experimental 
work,§ undertaken by one of us on transparent plates 
to find the nature of the distribution around a circular 
hole. This earlier work was manifestly incomplete, 
since no attempt was then made to separately determine 
the principal stresses P, Q, at a point, and only the value 
(P — Q) was measured by aid of the change in the 
temporary double refraction produced by stress. The 
theory of the infinite plate shows that the minor princi 
stress is comparatively small, and indeed vanis 
pen ng at the internal contour where the stress 
reaches its maximum value and also at the parallel 
sides, so that, from a practical 
lost by the limitation of the ear 
remained a number of interesting questions, requiring 
much precise measurement, especially for the deter- 
mination of the f(P, Q) which would allow of sepatate 
measurements of P, Q, dnd their inclinations Xp, Aq, and 
so complete the rimental analysis. The methods 
and apparatus are described in earlier papers,|| 


* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland, November 18, 1919. 

+ C. E. Inglis, “ Stresses in a Plate Due to the Presence 
of Cracks and Sharp Corners,” Trans. Institutjon of 
Naval Architects, 1913. See also A. E. H. Love, 
“Treatise on the Theory of Elasticity,” first edition, 
vol. i, Chap. xii; and H. Lorenz, “Lehrbuch der 
Technischen Physik,”’ vol. iv, Art. 55. 

t “Stress Lines in Steel after Permanent Deforma- 
tion,” by Andrew MeCance, D.Sc., A.R.S.M. Trans. 
inten of Engineers and Shipbuilders in Scotland, 
vol, Lxii. 

§ ‘The Determination, by Photo-Elastic Methods, of 
the Distribution of Stress in Plates of Variable Section, 
with Some Application to Ships’ Plating,” by E. G. 
Coker. Trans, Institution of Naval Architects, 1911. 
Also, ‘‘ The Effects of Holes and Semi-Circular Notches 
on the Distribution of Stress in Tension Members,” by 
m1 Coker. Proc. Physical Society, London, vol. xxv, 

13. 

E. G. Coker, “‘ Polarised Light and its Applications to 

ve ing,”’ al Institution, Friday evening dis- 

course, 1916, and ‘“‘ Photo-Elasticity for Engineers. 

Proc. Institution of Automobile Engineers, November, 
1917. 


int of view, little was 
work, although there 
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and need not be referred to here. For convenience 
sheets of nitro-cellulose were used, as in previous work, 
and some of the imens tested were originally made 
in 1911. The (P — Q) stresses are —aeney 
measured and, as the results show by comparison wit 

the earlier figures, the ageing effect in the material is very 
small, One of the questions to which the present 
investigation is directed relates to the contour value 
along the parallel sides, and around a centrally placed 
hole. In both cases, since there are no applied forces at 





Fie. 1. 





Fig. 2. 





hole is progressively. With a hole of j, in. 
diameter, in a plate of 1 in. width, there is no visible 
indication of any variation of stress al the external 
contours, but if the hole is enlarged to, say, } in. diameter, 
Fig. 1, it is at once evident from the colour bands that 
there is a non-uniform distribution of stress along the 
sides with maximum values on each side of the minimum 
section. As the hole is further enlarged, Fig. 2, this 
unequal distribution of stress becomes increasingly 
apparent. Before proceeding to a quantitative examina- 
tion of the stress along these contours, it is of interest to 
find what is the distribution in the neighbourhood of a 
hole, in the case of an infinite plate, in a form convenient 
for comparison with experiment, and this may be 
accomplished by a semi-graphical process. 

The principal stresses P, Q, may be determined from 
the polar components :— 


= pj _@ a at a‘ ) 
r= Fi{(Q “) +(2 40, +35) conze } 
— pp a ie a‘ ) 

60 = *{(2+3) (1+35))conze } 

~ a‘ a? m 

ro= 2 {3% 20-1} sinzo 
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Fig.3. 
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these contours, there can be no normal stress there, 
while these boundaries are themselves lines of principal 
stress, to which the other principal stress curves are 
orthogonal. The values of (P +Q) and (P — Q) 
therefore coincide along these contours, and may be 
used to check one another in an experimental deter- 
mination. 

A qualitative examination of holes of various sizes 
in a finite width of plate shows that, at the straight 
boundaries, the maximum stress in the direction of the 
pull is not necessarily at the minimum section. This is 
apparent from the appearance of specimens in which the 











> 
3 6 


0 7 
It can be shown that 
rr+60 


in the following manner. 
P+Q= 
P—Q= V(rr— 60) + 4-102 





2 3 . 
~ 1+-- ) sin 26 
marge = 270 Abit Set) feat L 
rr— he 4 on 
(2 atp)emze r 


where the value of a is taken as unity and ¢ is the angle 








which the direction of the principal stress makes with 
radius vector to a point, Figs.3 and 4. For any given 
values of @ and ¢ the values of r can be determined by 


solving a quadratic equation in 5° but the labour 


involved in calculating a sufficient number of isoclinic 
lines in this manner is very great, as ~§! be inferred from 
the fact that if @ and @ are varied increments of 
5 deg., the number of equations to be solved is 17 x 19, 
or 323 in all, and a more indirect method of attack is 
therefore advisable. 

For this purpose the values of @ may be calculated 
when r rat @ are variables, and if this is performed 
and the results plotted on a log r base, the values 


\= 6+ @ can be readily ascertained for 0 < 0 <3 

> 
which is sufficient for the purpdse, since from symmetry 
the stress system is repea’ in each quadrant. The 
results of such calculations have been used to determine 
the forms of the curves passing through all points of the 
plate for which the directions of stress are equally 
inclined. One of the curves, for which \ = @+ ¢= 
constant, is shown in the accompanying diagram, Fig. 5, 
and a whole series, varying by increments of 1 deg. 
where necessary, is plotted in Fig. 6 for direct comparison 
with experimental values. These curves show an 
interesting peculiarity, as may be observed by inspection. 


Fig.5. 














3 


ay s 6 
The curve AB divides the quadrantal area into two 
parts, for which, on one side, nearly all the lines of princi- 


pal stress corresponding to the direction normal to pull 
are inclined at angles of less than *, and on the other at 


angles greater than <= The area bordering the hole from 


0<@< ~ is, however, an exception. In general, 
therefore, these curves of principal stress in the longi- 
tudinal direction have maximum ordinates at t 
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isoclinic line \ = 0 if they cut this line, and therefore a eer. oe _ 
they es oes the axis of pull at all other points within P—QeaV/(r7—- Go) +4 ro FGm OV — Bese, ont 
the q tal area considered. ~~ igo “ee . 276 

The lines of principal stress may be determined fairly ret =(t- _s )oon2@— = Reoe2o—} FL=OX= (2—R)sin2@= , 
accurately by marking their directions at a sufficient Pp e.. id a ee 
number of points along the isoclinic lines, and drawing 2r0 2 3\. > sateen 
curves senquatiol to these directions, commencing from a = (1 +3-—9 ) sin 29 = (2 — R) sin 2 0 VS= OV= R cos 2 6. 
any arbitrary point. : 

The process may be carried out more accurately by ots aS ES + 3 — fs the verticd through 5B the values 
selecting any point (z, y) at which the inclination \ is Ps re ): 


known, and determining the position of a neighbouring 
point (x + d2,y + dy),by the relation 5 y)= 52 tan \. 
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The limit of accuracy is then conditioned by the 
smallness of 62 and the closeness of the isoclinic 
curves. This latter process is adopted in the chart, 
Fig. 7, showing the lines of principal stress for a con- 
siderable area around a hole in a tension member of 
infinite width. The values of the principal stresses 
P, Q, and also P + Q, P — Q, for comparison with 
observations on finite widths of plate, are directly 
obtainable from the solution, but they are more readily 
obtained by a semi-graphical process which it is con- 
venient to describe here. 

We have : 


i, sai 2 
P+Q=7 +8 =p (1— {cos 26) 
or, 





1— P+Q _ 2 cos 206, 
Pp rt 
and values of this expression may be readily found 


graphically by constructing a rectangular chart, Figs. 
8 and 10, as follows :— 


Take OC =CD = 2; CE = 2cos20; OB= * Fig. 8, 
and draw B G F parallel to C D and intersecting O E in G. 


Then BG or its projection OA is the value sought. 
Conversely, if it is required to determine the value of r 


corresponding to any possible values of P+@ ana 6, the 
Pp 





quantity 1 — P+ can be marked off along the 
P 


horizontal axis and the line AG = 3 gives the required 


value of r. A series of these values are plotted on Fig. 9, 
and are shown by dotted lines. 
To determine the value of P — Q the following con- 





On 4 rectangular chart, Fig. 10, construct a squa-e 


Bh= se and draw parallels to OB through 
the points A, k, to intersect the vertical through G in H 





Fig.9. INFINITE PLATE IN TENSION WITH CIRCULAR HOLE. LINES OF EQUAL STRESS. 
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struction may be adopted, based on the relations, 











OABC of 2 units side, and mark off on the side OC, 
the value O D = 2 sin 2 6, and on the side A B the value 


AE = 2 cos 2 @ where the sign denotes that the 


value of cos 2 @ is taken with a positive sign. On the 

side OA mark off OF = (1-5 +5)=R: then 
r 

AF =(2—R). Draw F LGT parallel to OC, inter- 

secting AD in L, OE in G, and OB in T, and project 


L and G on to the side O C, giving intercepts X and V. 
Then : 


Lines of Equal (P£-2) shown by dotted 


of Equal ©2) shown by fall = 


8 9 
Fig.i2 ; ba) » 
® x 
Sie x > 
bac) ] 
3 e 
2 = 2’ 
o 
4 P+ Q-(2m+ 1) 
P+Q-(2m) 
P+ Q-(2m-4) 


4S 
64514) =~ 


and K. Project these latter points on to the vertical 
through L to give the intersections M and N ; then 


cng 1 
VH=V8+S8H= Roos 26 + 


VK= V8-—SK= R cos26 — 


2 
Now if 6 < 45°, cos 2 @ has a positive value and 
rr— 00 VK 
If 0 > 45°, cos 2 @ is negative and 
rr—60 
Pp 
OM= JOX?+XM= /OX?+VH? 


=S=l VH. 
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- ~~ _ PP - : 
- Gr OO + 4rd = — 9 it o> 40° 
ON= /O6X®7XNO= JOX?F VER 
ee ree. Ba . 
= = 2 = —: if @ < 45 
P Je 6 oY +4.70° ? 


for the given values of r and 6. 





points D and E for given values of 6. Then for a definite 
value of r, and varying values of 0, a series of curves on 
which the points M lie can be found, Fig. 11. Similarly 
if 0 is and r is varied a second set of curves may be 
constructed intersecting the first set. With these two 
systems it is possible to read off values of r, 6, corre- 


sponding to any given values of P= of vice versa. 


Pp 
The full series of curves used in constructing the diagrams 


EXPERIMENTAL VALUES OF STRESSES AT AND NEAR A CIRCULAR 






Fig. 3a. 


ae 





Fig./4a. 




















in which full lines denote P — Q and dotted lines ——s 
Pp 


The former correspond to the isochromatic lines given 
in the polariscope, and may therefore be used for com- 
parison with the stress in plates of finite width. 

It may also be noted that from this form of chart 
the value of 2 ¢ can be found, and therefore the isoclinic 
lines can be drawn. 

This is at once seen from the relation : 


HOLE IN A TENSION MEMBER, 






Fig.j5a. 










































































































































































N 
Va 7 
Sq 
(6/45.M) 
Tasix I. Taste II. Taste III. 
}-In. Diameter Hole. }-In. Diameter Hole. }-In. Diameter Hole. 
! 
7 p+q P—-@ P q z p+q P-@ Pp q z pt+@ P-@ P q 
= ° ro — bo yoo ne : —0-50 610 570 590 20 
—0- —0°45 660 600 630 80 —0-50 _ 
—0-40 890 880 895 + 5 —0-40 760 660 710 50 = “45 535 S10 538 13 
—0°+35 1,170 950 1,060 110 —0-35 910 710 810 100 —0-40 550 565 —15 
—0-30 1,500 1,300 1,400 100 —0-30 1,070 760 915 155 —0-35 600 _— 600 oe 
—0°25 ~ 1,960 1,960 ) —0-25 1,300 900 1,100 200 —0-30 650 630 640 10 
0 on _ a _ —0-19 —- 1,860 1,860 ~ —0-25 760 630 700 65 
+025 2,050 2,000 2,025 25 0 _ oe oe ba 0-20 930 750 840 90 
+0°30 | 1,680 1,320 1,475 155 0-19 ae 1,830 | 1, — —0+15 1,240 1,160 1,200 40 
+0 -35 1,230 960 1,005 135 0-25 1,260 890 1,075 185 —0-14 1,440 1,460 1,050 —10 
+0°40 900 830 865 35 0-30 1,050 760 905 145 —0-125 fuse 1.720 1.720 ats 
+0°45 640 690 615 — 25 0-35 870 730 | 800 70 0 aes pes Po a 
+0°50 600 —p 600 —_ 0-40 700 660 680 20 0-125 am 1,730 1,730 me 
4 R -4 poo 600 | = 5 +e “ 1,850 1,400 1,375 —25 
. . — _ . 1,160 — 1,160 — 
oie, Dnater eh. 0-20 910 760 "885 75 
P wigh e j-In. Diameter Hole. . po p+ 4 js - 
0-35 610 630 620 —15 
0-7 670 650 z pP—-@ 0-40 560 580 570 —10 
0-6 770 790 0-45 530 600 565 —35 
0-5 840 880 0-6 700 0-50 500 560 580 —30 
$3 ss = $ = 
0- 0-4 790 7 
0-2 740 _ 0:3 770 }-In. Diameter Hole. 
0-0 0-1 610 ” 
0-1 640 620 0-0 f 570 : She 
—0 f = p24 —O°1 oe 
—0- 60 —0°2 0 ‘ 
—0:4 800 820 —0-3 710 4 550 
—0°5 770 830 —0-4 740 0-3 — 
—0°6 720 820 —0'5 — 0-2 500 
—0:7 660 730 —0°6 740 0-1 490 
0-0 490 
}-In. Diameter Hote. §-In. Diameter Hole. a = 
Calculated Value Calculated Value ms 520 
; Aas —— P-@ Pp = 598. 0:5 520 
deg. deg. —0°6 500 
0 1,960 1,955 0 1,830 1,795 
15 1,800 1,780 15 1,600 1,635 
30 1,190 1,315 30 1,200 1,195 }-In. Diameter Hole. 
= pond 650 45 610 600 
75 —600 490 4 = umen : " Calculated Value. 
90 —700 —650 90 —580 —600 = p = 569 
The reverse process of cavemnaing r, @ from any point ine 
M is difficult. It is therefore necessary to construct @| described is too complicated to be reproduced here 0 1,920 , 
chart from which the values of r can be read off. P P P—Q y 15 a nerd 
This may be carried out in the following way. Draw | but from such a4 chart curves of constant have mo a 74 "570 
a series of lines h H, & K, corresponding to given values Pp 60 — 20 0 
of r, and mark off on the appropriate axis a corresponding | been constructed by increments of 0-1 through the whole 75 —400 —420 
set of values of R = f(r). Also determine a series of | range of stress. T latter curves are shown in Fig. 9, i) — 540 —570 
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ox 2.78 ®@re somewhat less than the values so calculated, although | view, as variation in stress distribution at the minimum 
tan MOy= Ge = = = tn 2g the difference is not large, and tends to diminish with | section is still very t when the diameter of the hole 
MX +fr—60 the size of the hole. fe ast ie proache the wi Seay A case of this kind 
showing that the le which OM makes with the | .. The curve of stress distribution across the minimum seo- | is shown in the accompanying . 16, in which a 
vertical axis is 4. 24." The sign is easily chosen for any | tion is — tapers pAngperereeny aly ae methods Taste IV. 
given point. It is also important to note that from the os A mage ements gee t —s 
PiQ P—Q ments, Ta , the maximum stress is at the edge o' 0-88-In. Hole. Width = 1-1 In. 
curves of equal —_"_~ and “____~ the curves of equal cel hole, and almost exactly 3 p where p is defined as 
P P above. 
P Q seadi ‘ The curve of variations, however, falls somewhat y=0 | z=1-1in. 
Pp “ Pp rw pee Se ee faster than for the case of an infinite plate, as the dotted = P-@ \y= p-@ e P—4@ 
if curves of P + Q corresponding to constant values | lines for this case show. The cross stress is, moreover, 0-44 1.730 0-0 270 0 1,780 
(2m) are known, and a similar set for P — Q corre. | insignificant, and rises to its maximum value at a radius 0-46 1440 0-065 300 5 1600 
sponding to (2 n), then the points of intersection of the of about 1-2r to 1-4r, with zero values at each end. "0 +48 1,010 0-10 400 10 1,420 
series obtained, by giving various values to M and N, | The measurements confirm the theory that such stresses | 0-50 840 0-20 670 15 1,080 
correspond to : are small, and may be neglected a when considerable 0-52 500 0-30 800 20 720 
P=m+n accuracy is required. If the size of the hole is diminished 0°55 270 0-40 800 25 450 
Q=m—-n while the width of the tension member remains the same, 0-50 680 4 220 
as Fig. 12 indicates. the effects produced show the same general character- 45 | 
The f th P—Q istics. They have been measured for holes } in. and 60 —280 
© form of the curves for oe = ® constant, | } in. diameter respectively, and the values are recorded 75 —340 
Fig. 9, shows that along a line parallel to the axis of in me YT Tebiee IX and III, and are plotted 90 —860 


pull, and a finite distance away, the value of P-Q 


P 
reaches & minimum at its intersection with the minimum 
section, and also passes through a region of higher value 
as it proceeds outwards. 

This confirms the qualitative observations on finite 
plates. The range of this stress variation may be deter- 
mined by two independent methods, namely, by photo- 








Fig.16. VERY LARGE HOLE IN TENSION MEMBER _opTICAL DETERMINATION OF ISOCLINIC LINES 
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Fig. 17. 


elastic measurements of P — Q, or by mechanical 
measurements of P + Q, since these coincide along a 
boundary under no applied force. Both forms of 
measurement are given in Fig. 13a in the case of a tension 
member 0-992 in. by 0-1812 in. in cross-section, to which 
a load of 100 lb. is applied, giving a mean value of the 
stress of 556 lb. per square inch at the full section and 
1,112 lb. per square inch at the minimum section pro- 
duced by boring a central hole of } in. in diameter. 
The values of the stresses obtained are also shown 
by the accompanying measurements, Table I, from 
which it appears that at a distance from the minimum 
section corresponding to the half-breadth, the stress 
reaches a maximum of about 800 lb. per square inch, 
while at the centre, although the mean average stress is 
1,112 Ib. = square inch, the actual stress is not more 
than 600 lb. per square inch, owing to the great con- 
centration of the stress distribution at the inner circulat 
boundary. Although both sets of measurements are not 
quite identical, and the symmetry is not perfect, their 
substantial agreement is evident, and taken with the 
evidence afforded by the disposition of the isochromatic 
lines they show, very conclusively, that diminution of 
the section is accompanied by diminution of stress at this 
point of the minimum cross-section, a somewhat un- 
expected result, and one not likely to be predicted from 
general considerations. The stress distribution around 
the interior contour also varies widely, and in fact has a 
very large tensional value at the end points of the 
diameter perpendicular to the line of pull, which gradually 
diminishes until at an angular distance of somewhat 
less than 60 deg. it vanishes and changes to compression 
with a maximum value at the ends of a diameter coin- 
cident with the axis. 

' _values are recorded in Table I, and are also 
plotted in Fig. 13b, together with corresponding values 
shown by dotted lines for a pull stress corresponding to 
this width of plate obtained by an approximate calcu- 
ation. It is worthy of note that the measured values 








Along the parallel sides the maximum stresses, already 
noted, tend to approach to the minimum at the central 
section, and the inequalities of stress distribution also 
decrease with the radius of the hole; in fact, with a 
small hole of », in. diameter the difference of stress along 
the external contours is too small to measure with 
certainty, and for all practical purposes may be neglected. 

On the other hand, the stress variation around the 




















of 0-88 in. diameter is bored in a plate 1-1 in. wide. 
The stress distributions recorded there, and in Table IV, 
show that the relative variation of tension across the 
section of minimum area is greater than oe | of the 
preceding cases, and when the hole is inc in size 
still further there is a maximum tension at the inner 
boundary, which may possibly pass through a zero value 


OF PARALLEL TENSION MEMBERS WITH CIRCULARHOLES. 
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inner contour differs very little from the variations 
shown to exist in the larger hole, and, moreover, conforms 
very closely to approximate calculations for the stress 
distribution. This is apparent in Fig. 156 and Table III, 
where both curves are very close together, but still with 
measured values of slightly less magnitude than those 
calculated by the formula. The points of zero stress 
are, moreover, at angular distances of less than 60 deg 
from the diameter perpendicular to the line of pul 
With the smaller hole, however, Fig. 15), the two curves 
practically coincide throughout, and the points of zero 
stress occur in the positions agreeing with calculations 
for an infinite width of plate. It may also be observed 
that the maximum stress is still very approximately 3 p. 

The cross stresses also show variations which follow the 
law for r 7, with maxima which tend towards the position 
r= a./2, as indicated by the theory, as the holes 
decrease in size relatively to the width of the plate. 
As their values are obtained by the difference of two 
sets of measurements, it is not surprising that they do 
not agree so well with the theoretical expressions as do 
the values of ¢ ¢, for any errors of measurement tend in 


general to accumulate in the values of rr and to become 
a considerable percentage of the true value. 

It is perhaps worthy of note that a practical rule may 
be derived from the measurements whereby the maximum 
stress can be determined in terms of the mean stress at 
the minimum section and the ratio c of the width of the 
plate to the diameter of the perforation. This may be 
stated in the form : 


Pmax = fe Pmean 

It will be found in general to give fair values unless 
the hole is relatively large compared with the width of 
the plate. 

It is worth while examining the case of @ very large 
hole in a tension member, because it might possibly 
thought that, for such a case, the stress distribution at 
the minimum section tends to saa pg eye ” is 
apparently taken to be approximately so by at least 
one authority,* but experiment does not confirm this 


*Dr. A. Leon, “Kerbgrésse und Kerbwirkung,” 
Plate 3, Fig. 25. No. 10. Mitteilung aus dem 
Mechanisch-l'echnischen Laboratorium der K. K, 
Technischen Hochschule in Wien. , 











as we proceed outwards, and become a compression 
stress at the outer parallel sides. t 

The great variation in stress at this minimum section 
is shown in the accompanying reproduction of a colour 
photograph, Fig. 17, of the region between the circular 
and straight boundaries. 

The danger of fracture at the inner boundary is there- 
fore much increased in such a case if an estimate of the 
probable maximum stress is derived from average values 
obtained by dividing the total load by the area of the 
minimum cross-section, and it is clear that the approxi- 
mate formula given above is no longer applicable, 

In the present example, however, tension is preserved 
throughout, and it is, moreover, to be observed that the 
maximum values along the straight boundaries are about 
three times the value at the central section, and are 
separated by a considerable interval, Around the 
periphery of the hole there is now much more tangential 
compression stress, while the zero value is at an angular 
distance of about 35 deg. 

If such cases are important in practice it might be 
worth while to consider them in more detail, but it is not 
possible to make more than a passing reference here, 
to call attention to the distinctive features observed, 
and to show their general tendency. 


Isoorri1c Lixzs. 


The isoclinic lines found in the cases cited above 
also afford some information of value, as may be observed 
from Figs. 18a to 18d, of observations made on a tension 
member } in. wide, and with centrally-placed holes having 
a ratio of width to diameter varying from 8 to 14. The 
principal line \ = 0 deg. indicates the points where one 
set of lines of principal stress intersecting \ = 0 deg. 
attains a maximum ordinate with reference to the axis, . 
while the other isoclinic lines indicate that there is a 
gradual movement of the stress lines towards the 
even when the plate approaches an infinite width. This 
double curvature in the lines of principal stress running 
more or less axially is shown in earlier papers. Other 
lines also intersect an isoclinic } = 0 deg. at the crown 
of the hole, and some of these pass around the per 
but those nearest the centre line terminate abruptly 
at the contour, as Fig. 7 shows. The point of zero 
stress around the contour also moves away from the 
position @ = 30 -, and its angular distance from the 
axis increases with the diameter of the hole. The 
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curves also enable an estimate to be formed of the extent 
of the disturbance from uniform stress conditions, since 
it is clear that there must be some finite distance at 
which non-uniform stress becomes negligible. 

& Both the isoclinic and isochromatic bands correspond 


DIESEL ENGINE USERS’ ASSOCIATION. 


THERE was a large attendance at the February meeting 
of the Diesel Engine Users’ Association, and a consider- 





ing to this condition are, however, so broad and ill-defined 
that for accurate work it is to measure the 
stress distribution over a considerable area, but an 
approximate distance can be obtained by taking a curve 
\ = a where a is selected arbitrarily provided it is small. 
The value a in the present examples has been taken as 
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2-5 deg., and it is then found that the maximum distance 
corresponding to each size of hole tested is as shown in 
the accompanying table :— 


TABLE V. 


(6145.@) 











Diameter of Hole (Inches). | ah te | 3 | + 
Maximum distance (inches) from : 
the minimum section of the 
isoclinic curve A = 2-5 deg. ..| 0°34 | 0-58 | 0-83 | 1-00 








Tension member § in. by 0-1213 in. 





These values are plotted on the accompanying Fig. 19 
to enable intermediate values to be enamel, as the 
curve there represented does not appear to follow a simple 
algebraic law. 

(To be continued.) 





British Inpustries Farr, Crystat Parace, 1920.— 
The British Industries Fair, organised by the Board of 
Trade, will be held in the Crystal Palace, London, from 
the 23rd inst. to March 5. Arrangements have been 
made to provide interpreters at the Crystal Palace for 
the use of visitors. o charge will be made for their 
services. The De ment of Overseas Trade will instal 
a special inquiry office at the fair, and visitors are invited 
to make application for any information they may 
require. The department’s officers will be prepared to 
furnish the names of suitable British manufacturers 
to visitors who may experience difficulty in obtaining 
the goods they require. 





Royat AgronavuticaL Socrety Notices.—A meeting 
will take place on Wednesday evening, March 3, at 
8 p.m., at the Royal Society of Arts, when Professor 
Melville Jones, Associate Fellow, will read a paper on 
“Flying Over Clouds in Relation to Commercial 
Aviation,” Lieutenant-Colonel Tizard, Fellow, presiding. 
Mr. J. L. — lecture on “Aerial Survey in the 
Antarctic’’ will take place at the Central Hall, West- 
minster, on Wednesday evening, April 7. H.R.H. Prince 
Albert will take the chair at 8 p.m. The Scottish branch 
of the society in Glasgow has a membership of about 200. 
Sections of the Scottish branch are being opened in 
Edinburgh and Dundee. The chairman is Sir William 
Beardmore, the offices being situated in Blythswood- 
square, Glasgow. London members, and particularly 
students, are reminded that the library of the society, 
at 7, Albemarle-street, is open on Saturdays from 
2 p.m. to 5 p.m. 





Tue Crtostnc or German Ratway SHors.—The 
German Government has decided to take a step which is 
likely to cause considerable stir in the country. It is a 
well known fact, that the conditions in the German 
railway service are utterly unsatisfactory, one of the 
troubles being the small amount of work put in hand in 
the repair shops for rolling-stock. The Government 
now intends to close 14 of the least satisfactory shops, 
including those at Berlin, Breslau, Frankfort-on-the 
Main, and Kénigsberg. All these shops have worked so 

+ badly for a considerable time that they could not possibly 
pay their way. These works will, however, probably 
reopened later if it seems possible to run them on a 
sound, remunerative basis, but a smaller number of 
hands will be employed, and those employed will have 
to sign agreements in which they undertake to work at 
least 8 hours per day, on piece work pay. The German 
Railway Minister recently pointed out that, hitherto, 
so much time has been wasted by the men that unless 
a material improvement is made in this respect. the day 
is not far distant when the German railways will be 
unable to transport the necessary food for the towns. 





able t of interest was evidenced in the discussion 
which took place after the reading of Mr. Geoffrey 
Porter’s paper on ‘‘ Wear of Diesel Engines.”” The data 
collected by the author from careful observations and 
measurements taken over long periods during actual 
working conditions of Diesel engines, form a useful 
record, and a very valuable addition to the information 
previously available on this important subject. The 
value of Mr. Porter’s notes was considerably increased 
by the tables and plotted curves which accompanied 
the paper. In dealing with the important question of 
liner wear, he referred to this as being chiefly influenced 
by the percentage of ash content in the fuel oil and its 
variable nature, according to the class of fuel used, 
the quality and quantity of lubricant, the method of 
lubrication, the fit of piston and piston rings in the liner, 
the side thrust due to the connecting rod, and the 

uality of the material used. The author pointed out the 
Einetion effect of excessive cylinder lubrication, which 
resulted in the formation of carbon deposits on the piston. 
Particulars were given as to the proper clearances in 
the case of cooled and uncooled pistons of various sizes, 
and the important subject of ‘‘growth’’ of cast-iron 
was again referred to. Questions in connection with the 
wear of pistons, piston rings, air compressor parts, 
crankshafts, gear wheels, inlet and exhaust valves, fuel 
valves, cams and rollers and gudgeon pins, were also 
carefully considered. 

Mr. G. W. F. Horner, in discussing the paper, referred 
to the pleasure which must be felt by manufacturers of 
Diesel engines in noting such highly satisfactory records. 
During the war it had, in many case3, been very difficult 
to keep consecutive records of engine wear, but it was 
hoped that the practice would now again become more 
general. Mr hanes, referring to the subject of 
“ growth” in cylinder liners, instanced the particulars 
of actual cases in which he had taken accurate measure- 
ments. Referring to the wear of fuel-pump plungers, 
he stated that he had found no appreciable difference 
since using tar oil fuel as compared with the former wear 
with petroleum fuel oil. 

Mr. W. A. Tookey thought there was very little doubt 
but that the wear of piston liners and piston rings was 
correlative. In the case of horizontal engines it had 
been found that the maximum wear occurred at the 
joint of the back piston ring. He noticed that Mr. 
Porter’s figures were very fairly in agreement with the 
allowance made in gas-engine practice in regard to the 
maximum amount of liner wear permissible. 

Mr. A. N. Rye had not noticed that the use of tar oil 
fuel had been detrimental to cylinder liners, but it had a 
marked effect on valves and other portions of the engine 
gear. He referred to the effect of granite dust in the 
air in the case of some engines situated near to a granite 

uarry. The abrasive effect of the granite dust intro- 

uced into the power-house when the wind was in certain 
quarters had caused a considerable amount of trouble 
in the cylinders until air filters had been introduced. 
Mr. Rye expressed approval of the barrelling of cylinders 
liners as a means of reducing piston seizure trouble. 








CATALOGUES. 

Electric Furnaces.—A catalogue of electrical furnaces 
in a variety of shapes with control panels and pyrometers, 
cores from Messrs. A. Gallenkamp and Co., Limited, 
of 19, Sun-street, London, E.C. 2. 


Electric Motors.—A catalogue of direct-current motors, 
of powers ranging from 0°15 h.p. to 225 h.p. for cireuits 
of 100 volts to volts, comes from the British Thomson- 
Houston Company, Limited, of Rugby. The explana- 
tions are clear, the illustrations sufficient, and the data 
required by purchasers are stated in the fullest terms ; 
they are given in tabular form for easy reference, 


Steel Forgings and Castings.—Messrs. Sir W. G. 
Armstrong, Whitworth and Co., Limited, of Newcastle- 
on-Tyne, send a catalogue illustrating examples of steel 
forgings and castings produced at their works, among 
which examples are included the largest turbine drums, 
marine straight and cranked shafts, railway axles, &c. 
Both p and hammered forgings are made in very 
large quantities. 


Planing Machine Drive.—A single electric motor drive 
for a planing machine, with automatic reversing and 
speeding up over the blank spaces that occur in planing 
long castings, is illustrated and briefly described in a 
catalogue issued by the makers, the Metropolitan Vickers 
Electrical Company, Limited, of Manchester. A direct- 
current motor, with dynamic braking at the reverse, is 
employed. The control is simple and all necessary 
safeguard devices are fitted. 


Electric Power in Steel Works.—The production of 
“‘ bright steel ’’ has made great progress in recent years. 
The plant required consists mainly of rolling and drawing 
machines with special hoisting and conveying machinery. 
The driving power installation is of importance from 
both efficiency and economy points of view, and, 
considered as a whole, it presents very exceptional 
problems. The General Electric Company, Limited, of 
Queen Victoria-street, London, E.C. 4, undertook the 
work of equipping the mills of the Halesowen Steel 
Company, Limited, near Birmingham, and have issued 
a special catalogue describing the system which will be 
of considerable interest and value to ineers. The 
work was well advanced before the outb: of the war, 
and was speeded up and extended to cope with war 
requirements, so that the output rose from 7,700 tons 
@ year in 1914 to over 27,000 tons in 1918. 


Cottage Windows.—A catalogue of steel windows 
from Messrs. Henry Hope and Sons, Limited, of Smeth- 
wick, offers another very substantial proof that engineer- 
ing firms are anxious to contribute to the solution of the 
housing question. The firm worked cut a series of 
standard sizes which could be manufactured quickly and 
cheaply, and then invited 15 prominent architects to de- 
sign cottages incorporating the standard windows. These 
desi are reproduced in the catalogue, which is a very 
ei ai printed book of 40 pages, each 12 in. wide and 
18 in. deep. We must forbear comment on the designs 
beyond saying that they are sufficiently varied to prove 
that the standard windows offer no obstacle to the archi- 
tect, in fact, it might not be noticed that the windows 
are standardised. The windows are made in different sizes 
and are composed of panes measuring about 9 in. wide and 
1l in. deep, and a cheaper variety is shown in which the 
upright between two panes is omitted. The steel frames 
are welded at all joints, and all fittings are attached by 
welding or riveting ; no screws or bolts are used. The 
windows are all arranged to open outwards on vertical 
pivots—which are of bronze, working in steel. The 
Opening fittings are very substantial and of good 
appearance. 

Galvanising Machinery.—The familiar “‘ zine” bucket» 
roofing, tank, &c., involves one of the heaviest of 
machinery installations for applying the zine coating 
to the material, for it is poas @ dipping process, though 
the term “ galvanising ”’ been permanently misapplied 
to it; the electro-zine depositing process is much more 
costly. In the ordinary galvanising process a bath of 
molten zine, enough to hold the pieces and deep 
enough to contain sets of rolls for travelling the pieces 
through the bath, is employed. The auxiliary 
machinery and the quantity of work must be large 
enough to keep this bath in constant action in order to 
reduce the cost per piece as much as possible. A typical 

lant consists of a series of machines arranged along a 
arge shop, with a light railway running across each end 
to bring the parts and take away the finished work. 
Steel sheets, for example, in the process of galvanising, zo 
through pickling tanks and swilling vats, to the zinc bath, 
and then to another swilling machine, or “ bosher,” and 
finally to the drying chamber. Rolls and racks connect 
the machines, all of which must work in timed relation 
and, for this reason, are generally driven from a single 
countershaft with chain-belt connections between the 
various sets. Messrs. Thompson Brothers (Bilston), 





Limited, of Bilston, have made these outfits for over a 
hundred years, and have just issued a new catalogue 


showing a great variety of vats, tanks, baths, forming 


rolls, shearing machines, doubling presses, &c. Some 
of the tanks are excellent specimens of heavy work, and 
the “‘ bath ’ with furnace equipment is in many forms— 
one, made for use by shipbuilders, is constructed of 
plates 2 in. thick. Lead-coating plant is also shown. 
All such plants are made to order, and it is usual to 
supply specially-skilled practical men to work them. 





Tue Instrrvute or Mertats.—The annual general 
meeting of this Institute will be held in the building of 
the Institution of Mechanical i on Thursday 
and Friday, March 11 and 12; on Thursday from 
4 p.m. to 6 p.m., and from 8 p.m. to 10 p.m., and on 
Friday from 10.30 a.m. to 1 p.m. and from 2.30 p.m. 
to 4.30 p.m. The following communications are expected 
to be submitted: (1) Fifth Report to the Corrosion 
Research Committee, by Mr. G. D. Bengough, M.A., 
D.Sc., Member, Mr. R. M. Jones, M.Sc., and Ruth Pirret, 
B.Sc. (London) ; (2) “ The Action on Aluminium of Hard 
Industrial Waters,” by Mr. Richard Seligman, Ph.Nat.D., 
Member, and Mr. Percy Williams, B.Sc., Member 
(London); (3) “‘The Art of Casting in High Tensile 
Brass,” by Mr. J. Neil MacLean (Glasgow); (4) ‘‘ The 
Removal of Internal Stress in 70:30 Brass by Low 
Temperature Annealing,’’ by Mr. H. Moore, O.B.E., B.Sc., 
F.1L.C., and Mr. 8. Beckinsale, B.Se., A.I.C. (Woolwich) ; 
(5) “‘ Zine Alloys with Aluminium and Copper,” by 
Mr. W. Rosenhain, B.A., D.Se., F.R.S., Vice-President, 
Mr. J. L. Haughton, M.Sc., Member, and Kathleen 
Bingham, B.Sc., Member (Teddington); (6) ‘‘ A Model 
for Representing the Constitution of Ternary Alloys,” 
by Mr. W. Rosenhain, B.A., D.Se., F.R.S., Vice-President 
(Teddington); (7) ‘“Tim-Phosphorus Alloys,” by Mr. 
A. C. Vivian, B.A., A.R.S.M., Member (London) ; 
(8) ‘‘ Some Notes on the Effect of Hydrogen on Copper,” 
by Mr. W. C. Hothersall, M.Se.Tech., and Mr. E. L. 
Rhead, M.Sc.,Tech., Member (Manchester); (9) “The 
Effect of Progressive Drawing upon some Physical 
Properties of Commercially Pure Copper,” by Mr. W. E. 
Alkins, M.Sc., Student Member (Man: ter); (10) “‘ The 
Influence of Cold Rolling on the Physical Properties of 
Copper’’ by Mr. F. Johnson, M.Se., Member (Birming- 
| ham); (11) “The Study of Thermal Electro-Motive 
| Force as an Aid to the Investigation of the Constitution 
| of Alloy Systems,” by Mr. J. L. Haughton, M.Sc., 
| Member (Teddington) ; (12) Note on ‘“‘ The Polishing and 
Etching of Zinc for Micro-Examination,” by Mr. H. H. 





Hayes, Member (Birmingham); (13) ‘‘ Idiomorphic 
Crystals of Electro-Deposited Copper,” by Mr. W. E. 
Hughes, B.A., Member (London). The annual dinner 


will be held at the Criterion Restaurant, Piccadilly 
Circus, W. 1, on Friday, March 12, at 7.45 p.m. for 
8 p.m., under the chairmanship of Engineer Vice-Admiral 
Sir George Goodwin, K.C.B., LL.D. The next gathering 
of members will take place on June 10 (not on May 5 
as previously announced), when Professor Carl A. F. 
Benedicks, Ph.D., Stockholm, Sweden, will deliver the 
tenth May lecture, his subject being “‘ Recent P 

in Thermo-Electricity.” The place and time of the 
lecture will be announced later. The annual autumn 
meeting will be held in September, 1920. A further 
announcement as to this will = made in due course. 
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now to be uae dis Es omred boss Leseuans » the cylinder oo Tea x - AL hp praia S Red each 
“ ” head an Tnall readed to accomm: ea valve hous- | other m other spring elemen g column 
ENGINEERING ILLUSTRATED P. ATENT ing e carrying a valve for relieving the pressure when starting, | The metal plates b are each formed with a mangintl shoulder d, 
RECORD which valve may be of the mushroom type, the head of the valve | Figs. 1 2, say one thirty-second of an inch or so in depth, 
° being ai to occur at or substantially at the internal surface | to prevent outward movement of the outer indla-rubber ring 
SELECTED ABSTRACTS OF RECENT PUBLISHED of the cylinder head, and the stem g of the valve being adapted | relatively to the plate. (Accepted November 26, 1919.) 


SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of mews given in the Specification Drawings is stated 
ete: where none is mentioned the Specification is not 


fo canes Rae San Sy Fame, Os. 
of the Communicators are given in italics. 
may be obtained at the Patent Office, Sales 


7 ee Buildings, Chancery-lane, W.C., at 
the 5 pe 

The date advertisement of the of a Complete 
is, in each case, given after abstract, unless the 
atent has been sealed, when the word “ Sealed” is appended. 
aay Fenn A, OS Oey Cine Ce ee ee ee eS 
y~~y71 4! of a Complete Specification , 
Ge Saas & Se ‘atent of to the grant of a 

atent on any ef the grounds in the Acts. 


GAS BNGINES, PRODUCERS, HOLDERS, &c. 


136,273. ‘C. J. Murfitt, Palmer’s Green, London. 
\-Combustion Engines. (4 Figs.) November 18, 
1918.—The invention relates to an oscillating or rotating valve 
fer an internal-com jon engine, in which passage of gases 
around valve is more or less prevented by rollers contained 
ia the wall of the valve allel to the axis and against 
the inner face of the valve casing by springs. cylindrical 
valve « has a slot b for passage of gas, and a slot ¢ on each side 








of this gas slot. Each slot ¢ contains two bars d adapted to slide 
in direction at right angles to the length of the slot and urged 
apart by springs of piston ring steel. he outer face of each bar 
forms a seating for a roller f contained in the slot, and suitably 
prevented from leaving it, such as by being longer than the valve 
ports g of the cylindrica! valve casing. Piston rings ah mn 

of gas between the valve and its casing in direction 
power te the axis. (Accepted December 3, 1919. 


135,309. R. S. Whaley, 
Internal. 


- fe .) 
1918.—This invention relates to lubricating vision for an 
tipi oo aed ns the a SoU ged in 
applie the cran! -end o! 

<r rod. An annular circumferential groo b, c, ts 
previded in each bearing of the cranks , and in the 
erank-pia. A conduit d extends from the annular groove in the 
<r within the interior of the crank-pin, crank-arm and 

, to the annular groove occurring in the bearing 


Birmingham. 
November 23, 
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of the crankshaft on one side of the crank-pin. ¢isa conduit 
‘or suppl lubricant to the groove ¢ thro a perforation in 
the bearing é. To the annular groove cin the bya | part 
of the crankshaft occurring on the other side of the crank-pi 
lubricant is independently delivered by a conduit j. Hel 
or other grooves g are provided in the bearing parts of the crank- 
shaft, these grooves being in communication with the circum- 
ferential ves aforementioned. Perforations are provided in 
the big end of the connecting rod to permit of the collecting of any 
further lubricant from the crank-pin in the interior of the crank- 
casing. (Accepted December 3. 1919.) 


135,310. R. 8S. Whaley, —. Birmingham. 
2 Heads. (1 Fig.) "Sevens r 23, 1918.—a represents 


to| As usual,the metal plat 
ted | extend 


to extend outwardly radially of the axis of the curve of major 
radius of the internal surface of the cylinder head. Outwardly 





(OS.)-0) 


this stem g is adapted to be operated through the medium of a 
lever h from any suitable provision, said lever h being pivotally 
carried by the housing e against the resistance of a 5 ony ae 
within an appropriate part of the housing ¢. The using e 
is adopted to receive the extremity of a delivery conduit j. The 
ay head is also curved as illustrated to appropriately direct 
= Hi of gases in the scavenging process. ccepted December 
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135,237. The Morgan Crucible Company, Limited, 
Battersea, London, and C. W. Speirs, Battersea, London. 
Electrically-Heated Furnaces. (5 Figs.) October 12, 1918.— 
This invention relates to means for regulating or controlling 
the current supplied to electrically-heated crucibles, retorts, 
muffles and melting furnaces of the “ resistor” type, wherein 
the heat is generated in the container itself, or in a resistance 


’ | cylindrical and is maintained cylindrical at all 


STEAM ENGINES, PRODUCERS. HOLDERS, | &c. 


135,226. w. J. saeauee. Wolverhampton, and 
V. Smith, Wolverhampton. ater-tube Boilers. (4 2. 
Angust 21, 1918.—This invention relates to water-tube boilers 
of the t in which water tubes communicate between drums 
which lie in directions transverse to the tubes, and in which the 
drums are formed with prepared formations, which run in a 
direction transverse to the direction of the drums, for the purpose 


of provid in or flat surfaces at right angles to len of 
water vabes a which the ends through holes which are 
formed such surfaces. set of pi formations 
«, 6, which runs in a direction transverse to direction of a 


(435.226) 
| 
| 
| drum, is of a width, in a direction lengthwise of the drum, which 
allows it to receive tubes of two or more transverse sets of tubes 
and each plain or flat surface of a p formation is form 
preferably, to receive two or more ends of tubes of each set of a 
ir of sets, or of all of a group of sets,and, acco’ to the 
istinctive feature of this invention, the drum is o y made 


sod torme- 
thereof which lie between the transverse sets of prepared forma- 
tions for receiving the tube ends, thus —, that such portions 
ht aston will be of maximum strength. (Accepted December 3, 


135,314. Babcock and Wilcox, Limited, London, H. H. 

er, Monkseaton, and C. S. Davy, Dul  Stokers. 
(2 Figs.) November 27, 1918.—The invention consists broadly 
in the provision of means whereby the lower end of a chute 
leading to the stoker is automatically caused to travel con- 
tt 





surrounding the container, and wherein the electrical tions 
are generally made by means of water-cooled terminals. Accord- 
ing to this invention, the very finest degree of regulation of 
temperature is effected by making the extension pieces cylindrical, 
or of circular section, and constructing the water-cooled metal 








terminals, which embrace the said extension pieces or electrodes, 
each in two connected by screws or other mechani 
the grip of the said terminals on the extension 
ieces or electrodes may be varied. The water-cooled terminal 
in the form of a ring made in two sections a, al, hinged together 
at b and provided with | ¢, ¢, through which a pressure- 
ing screw d is so that by rotating the screw by 
means of a hand wheel, the two members of the terminal can be 
clamped together on to the extension piece. ¢, ¢, are nozzles 
forthe attachment of the circulating pipes ; fis a tube connecting 
the two sections together so that a continuous circulation may 
take place. (Accepted December 3, 1919.) 


RAILWAYS AND TRAMWAYS. 


134,940. C. W. C. Hine, Dorking. Buffer Springs. 
Figs.) November 15, 1918.—This invention relates to buff r springs 
of the kind comprising two or more india-rubber rings arrang d 
concentrically one within the other, and to which is moulded a 
metal plate formed with perforations through which extend 
india-rubber fillings that connect the india-rubber rings at 
opposite sides of the ) ae together and maintain the india-rubber 
at the desired distance apart. The spring shown comprises 


3 


























three spring elements, each consisting of three concentric india- 
rubber a located at each side of a metal plate b, that is 
mouldedinto them and maintains them the desi 


es 6 are formed with 
india-rubber fillings / 7 ane 

rubber rings at opposite sides o! plates. 

¢, not connected to the interposed indea-rubber % 

between the spring elements as shown. For the sake of clearness 


a. 
holes —y AY 

r india- 
Metal dividing plates 





at a large radius over the 
main area, ofas radius near me ae 
The domed cylinder head is furnished with a boss 4 
receive a Ly TY The axis of this boss 5 is 
radially to of major curve of the internal surface of 
the head at section containing said axis, 
and the sparking plug is located out of the centre or axis of the 
aad con y with the relief valve 


the spring element and the corresponding dividing plate ¢ at the 


ly back and forth transversely of the direction in which 
the fuel is fed by thestoker. There is mounted above the stoker 
hopper 1 a rotary \-— or drum 2 formed with a cam track 
constituted by two helical grooves of ’ to 
be entered by a follower constituted for example by a snug on a 
nut-forming element which is attached to the lower end of the 
hanging chute 5 supplying fuel from the bunker 6 to the hopper 1, 


heat 






































and which in the rotation of the cylinder or drum 2 is caused to 
reciprocate axially thereof. The cylinder or drum 2 may be 
driven by chain gearing from a povetyunt Gus. such as the 
sprocket shaft at the front of the stoker if of Cm ag® oe type, 
orfrom a separate shaft. In the embodiment shown eyunder 
or drum 2 is driven from the shaft 7, It will be evident 

the er or drum 2 rotates the lower end of the chute 5 
trave! perp apm dervew hin PLY. the end 
its — in one same 


a tne cirraiog 
\. rec mo 
tinuous,, 80 dust and 
from the chute will be well distri 
(Accepted December 3, 1919.) 


Hon, Sir C. 





shafts provided on the internal pe: a 
ooo ee eee steam on the 
side of ring. 


ical Seoteanboreabiel groove. 
in longitudinal 


and di 
held together and 





265 


ENGINEERING, 











eprin 2 and also by high-pressure steam admitted to the external | nection aon the return pipe 4 and lead to the flow pipe or outiect hollow partitions, caus 


ripheries of the rings. A circumferential groove 3 is formed in 
he internal periphery of each ring, being meng wong | placed as 
indicated to one side of the centre line of the ring toward the 


Pig.1.| 
4 





high pressure, which is assumed to be acting from the left. 

pressure steam is admitted to the grooves 8 either by means of 

radial ducts 4 or by longitudinal grooves 5 cut in the internal 

ry ere the rings, or as indicated both means may be employed. 
ealed. 


135,145. H. A. Thompson, North Shields, C. Zulver, 
. th Shields. Furna 

June 23, 1919.—This invention relates to 
fitting for furnace fronts to enable a furnace peonees therewith 
to be fed with either solid or liquid fuel, or both, simultaneously. 
According to this invention, the liquid fuel burner g is supported 
in a holder A lodged in an aperture in the front wall of the casing c, 
and the said burner extends across the casing into an air cone ¢ 


High 


liquid fuel 


Jodged in an aperture In the front plate a of the furnace. This 
air cone is in open communication at one end with the space 
within the casing c, and at the other end with the furnace space. 
An air regulator cone j is provided on the burner within the air 
cone, and this regulator cone may be arranged so that its position 
can be adjusted, by means of a rod k accessible from outside the 
casing ¢, or the cone j may be fixed to the burner. ( Accepted | 
November 26, 1919.) 


135,004. W.N. Haden, Trowbridge, C. I. Haden, Trow- 
bridge, and F. H. Horton, London. Steam Generator. 
(2 Fags.) December 12, 1918.—This invention relates to boilers 
of the type in which sets of water tubes inclined upwardly in the 


Fig.7. 
-. a. we. © 
c 5 
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| nozzle, and the other o, to the outer end of the pipe. 
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header5. The inclination of the pipes throughout is in an upward 
direction, thus facilitating the passage of the waterand preventing 
a deposit at any point likely to be injurious to the flow. 
(Accepted November 26, 1919.) 


135,102. F.Ljungstrom, Lidingon, Sweden. Turbines. 

(2 Figs.) March 21, 1919.—This invention relates to means for 
cooling idle-running turbines. The invention consists in an 
| arrangement so devised that air, live steam or exhaust steam 
from a wer-delivering turbine will be sucked through an 

| idle-running turbine in a direction po per tetany pe rome direction 
of flow of the steam, so that this air or steam, in absorbing heat 
from the inner parts of the idle-running turbine, will be heated 


to a degree which in some cases may even correspond to the | 
fall of temperature to which the steam is subjected in the power- | 


delivering turbine. 1 indicates the main turbine adapted for 
forward running, and 2 the reverse turbine, which is somewhat 
smaller. Sand 4arethe steam supply pipes for the corresponding 
turbines 1 and 2, said pipes being coupled to the main supply 5 
through the inlet valves 7 and 8 respectively. 6 is the common 


| 
| 





ce Fronts. 


| 
| 


exhaust pipe. The valves 7 and 8 are so constructed and con 
nected to other valves 14 and 16, respectively, that when either 
| of the former is closed, and thus the connection between 3 and 5 
or 4 is closed, the valve 14 or 16 respectively will be opened, 
| 80 that connection is automatically established between the pipe 3 
and the T-tube 9, or the pipe 4 and said T-tube 9. This T-tube 9 
| is connected with an ejector 10 provided with the water supply 11 
| and the exhaust pipe 12, 13 being a hand wheel for a valve 
adapted to regulate the water supply. If the turbine system 
rotates for instance in the working direction of the turbine 1, 
| the valves 7and 8 are so adjusted as to provide communication 
between the tubes 5 and 3 on one hand, and between the tubes 
4 and 9 on the other hand, in which case the turbine 2 rotates 
backwardly and the exhaust steam from the turbine 1 is then 
} sucked by the ejector 10 from the space 15, through the turbine 
| 2, tube 4, valve 16 and tube 9. Accepted November 26, 1919.) 
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135,583. South Metropolitan Gas Company, London, 
and A. Kirby, East Greenwich, London. 
Burners. (3 Figs.) November 26, 1918.—According to this 
invention, the burner consists of a steam jacketed pitch chamber a 
having a nozzle into which enters a needle j for regulating the 
delivery of the pitch. The nozzle extends into a pipe J, and 
surrounding the nozzle is a steam chamber m from which extends 
two, passages, one n, between the inner end of the pipe and the 
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Upon the 


| inner end of the nozzle is a collar which fits into a circular recess 
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ame direetion are connected with headers at each end, vo 
headers the flow and return service pipes 

tubes 1 form the furnace bars, the tubes 2 are a in the 
furnace and the tubes 3 in the combustion chamber or down-take 
from the furnace. Each of these sets is supplied from a con- 


which | 
. The 


in the walls of the steam jacket, from which walls extend flanges p 
which are bolted to corresponding flanges g on the walls of the 
steam chamber surrounding the nozzle. This construction allows 
of easy removal of the nozzle and steam chamber, whereby easy 
access may be obtained to the pitch-chamber for cleaning 
purposes. (Accepted December 10, 1919.) 


MISCELLANEOUS. 


135,271. A.J. Instone, Crouch End, London. Ice-making 
Machinery. (2 Figs.) November 18, 1918.—This invention 
relates to ice-making machinery. ‘According to this invention, 
an ice-making machine comprises a casing a divided into spaces 
tapering upwards by hollow partitions ¢ and having a removable 
bottom cover ¢ to allow of the removal of the blocks of ice. 
The bottom cover is —— lowered, and then tilted in order 
that the blocks may be delivered at one end. A false bottom k 
may be secured to the bottom cover, and an air delivery pipe / 

es between the false bottom and the bottom cover, and air 

8 blown into the spaces through nozzles on the pipe. When the 
bottom cover is lowered these nozzles are easily thawed and 
cleaned. The freemng wodien is fed to the hollow partitions ¢ 
near the bottom of the casing and passes away 

a pipe near the top. Ammonia may be used as the 
freezing medium, in which case it is fed in a liquid form through 


the pipe near the bottom and 8 away a8 a vapour = 
¢ ice from the moulds, 


che pipe nearthe top. In order toloosen 
juhe vaporised ammonia mentioned above is pumped into the 
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ing the vapour to become 
he pressure the liquid ammonia can be 
for cooling the moulds in this or an 


4 uid, but by 
owering t vaporised 
and used t machine. 
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When brine is used as the freezing medium, it is necessary to 
heat it before using it for thawing out the ice. (Accepted 
December 3, 1919.) 
135,333. Thos. and Wm. Smith, Limited, Newcastle-on- 
e, and S. Pile, Newcastle-on-Tyne. Rope- 
ery. (2 Figs.) December 7, 1918.—Acoording to this 
| invention, each rope or strand is so led that it comes into contact 
| with or passes through a plate or block capable of movement, 
but normally held in position by a spring. The movement of 
any of the blocks against the action of its spring actuates a switch 
which causes the stoppage of the machine. On the central 


T 





spindle a of the closing machine between the reels b and the closing 
dies c, is bolted a ring d carrying cylinders e, in each of which is a 
block f capable of radial movement and pierced with a hole g; 
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a spring 4 normally holds the block in the inner end of the 
cylinder, Tappets are carried by the blocks. The walls of 
the cylinders are slotted to allow the strands & to be threaded 
through the sides of the cylinders and through the holes g in the 
blocks. Each block is grooved so that it may be prevented from 
turning by a set screw. During normal running of the machine 
the blocks remain in their inmost positions, but should the 
tension of any one of the strands owing to difficulty in reeling 
be increased the strand will cause its block to move outwards 
so thatits —— projects further from the cylinder and is brought 
against a switch lever m, whereby the machine is stopped. 
(Accepted December 3, 1919.) 


133,414. J. Harkness, Gretna. Concrete Buildings. 
(5 Figs.) October 4, 1918.—This invention relates to the con- 
struction of buildings of concrete. The building wall is formed 
of upright beams 1 of concrete of H-section, set on a suitably-cast 
base 2, with the flanges abutting and having a tongue and groove 
or other fitting with one another as indicated at 3, the webs 
of said upright beams constituting studs at 4. The upright 
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beams have a tongue and ve or other fitting at their upper 
ends as indicated at 5, with a horizontally conerete 
beam 6 of substantially H-section, of which the channel 7, forming 
the upper portion of the H is filled with concrete, in which may be 
embedded reinforcement, while the studs 4 fit into the channel 8 
formed by the lower portion of the horizontal H-beam. (Sealed.) 








